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NASA TECHNICAL TRANSLATION 
1.. RESISTANCE AND DISEASE. 

PROBLEMS OF GENERAL PATHOLOGY. 

NASA TT F - l 5 , 3 1 4  

P. D.  Gorizontov 

Variou; pathJlogica1 processes a r i s e  as a function of the  s p e c i f i c  nature  / 7 *  

of the  act ion of cer ta i r ,  e t i o log ica l  f ac to r s  on the  organism. 

spec i f i c  cha rac t e r i s t i c s  caused by the  d i s t i n c t i v e  act ion of t he  st imulus.  

present chapter p o v i d e s  only the cha rac t e r i s t i c s  of  general fea tures ;  t h i s  i s  

completely j u s t i f i a b l e ,  inasmuch as the re  are no processes which a r e  character-  

i s t i c  only of extreme states o f  t h e  organism. 

There may be 

The 

The problem we face  is  very extensive,  and so we s h a l l  l i m i t  ourselves  t o  

those problems which a re  r e l a t ed  t o  nonspecific r e s i s t ance .  
mechanisms of in tegra t ion  and adaptation, s ince they a r e  c lose ly  l inked t o  t h e  
general res i s tance  of t h e  organism. 

of funct ional  disturbances which a r e  common t o  many diseases  of t he  organism. 

The mater ia l  i s  presented only on the "grand scale",  but i t  s t i l l  requi res  an 

introductory chapter which deals  with several  problems of general pathology i n  
a pathophysiological fashion. 

These include 

This chapter w i l l  t ake  up several  problems 

Principal  Pathways o f  Injury; the  Role of  t he  Nervous System 

The problem of pathological physiology does not involve l i s t i n g  the  mor- 
phological changes t h a t  a r i s e  i n  var ious i n j u r i e s .  However, a functional 

analysis  of t he  pathological processes cannot be car r ied  out without regard t o  

the  s t ruc tu re  and locat ion of the i n j u r i e s .  

s t ruc tu ra l  u n i t  or  the  organism, and damage t o  the  c e l l s  i s  therefore  a c r i t i c a l  

f ac to r  i n  the  development of both a l t e r ed  funct ions and morphological d i s tu r -  
bances. 

We know t h a t  t h e  cel l  is  the  bas ic  

Damage t o  the c e l l s  (and consequently ;.he t i s sues )  may occur in  various 
ways. 

0'1' changes a r i s e  i n d i r e c t l y  i n  the  l a t t e r ,  i . e . ,  through some agent.  

The pathogenic f ac to r  has e i t h e r  a d i r e c t  harmful e f f e c t  on the  c e l l s ,  

In the  

*Numbers i n  the  margin ind ica te  pa,rination in  the  foreign tex t .  



l a t t e r  case,  we can speak of t h e  harmful influence on the  c e l l  of  disturbances 

of nervous o r  hormonal r e p l a t i o n .  
may a r i s e  as a consequence of in toxica t ion  o r  d i s rupt ion  o f  t he  in t e rna l  environ- 
merit of t he  organism, i n  o ther  words, d i s rupt ion  of the homeostasis o f  t he  

Disruption of the  v i t a l  a c t i v i t y  of c e l l s  

I 8  - 
medi1,m in  which the  c e l l s  a r e  l i v ing .  Of course, it i s  possible  t ha t  successive 
o r  j o  n t  involvement of various pathways could be involved. 

Fince the  time of Claude Bernard, t h e  term "homeostasis" has usual ly  been 
in te rpre ted  t o  mean constancy of  t he  in t e rna l  environment of  t h e  organism. 
However, on the  bas i s  of  t h e  teachings cf I .  P .  Pavlov, the  phenomenon o f  

homeostasis has acquired broader s ignif icance.  
t he  homogeneity of t he  in t e rna l  medium; secondly, it governs t h e  constant 

balance of t he  functions of t he  organism i n  accordance with the  ac t ion  of  

various f ac to r s  on i ts  external  and in t e rna l  environuent. This does not mean 

rr constant,  but r a the r  an uninterrupted,  va r i a t ion  of ce r t a in  propert ies  
and cha rac t e r i s t i c s  of t he  organism (na tura l ly ,  within t h e  limits of t h e  

var ia t ions  considered s tandard) .  
limits as a f u n c t i m  o f  t h e  act ion of environmental f ac to r s .  

In t h e  first place,  it governs 

The va r i a t ions  can change within c e r t a i n  

The v i t a l  a c t i v i t y  of  a l l  o f  t h e  c e l l s  i n  the  organism takes place on the  
bas i s  of phenomena of autoregulat ion,  c h a r a c t e r i s t i c  o f  a l l  l i v ing  s t ruc tu res .  

In a complex organism, t h e  processes of c e l l u l a r  autoregulat ion do not occur 

independently. 
systems whi;h ensure higher i n t eg ra t ive  functions i n  the  i n t e r e s t s  of t he  i n t a c t  

organi sm. 
systems. 

v i a  humoral pathways. 
cardiovascular system, which ensures the  c i r cu la t ion  o f  f l u i d  media through the  

organism (blood and lymph), as well as t he  or::qns of  r e sp i r a t ion  artd t he  l i v e r  

and kidneys. However, ;he nervous system i s  c r i t i c a l  t o  the  regulat ion of t he  

s t ruc tu re  and function o f  the  organism. 
it controls  t he  a c t i v i t y  of a l l  p a r t s  of t he  organism, beginning with the  c e l l  

and ending with the  organs and systems. 
based on the  work of Pavlov, have been covered by us  i n  a special. monograph, 

Cel lu lz r  automatism i s  subject  t o  the  inf luence o f  regulatory 

The s y s t e m  of general  regula t ion  include nervous and neuroendocrine 
They exert t h e i r  inf luence not  only through nerve connections but a l so  

Important ro l e s  a re  played i n  these  processes by the  

To use the language of 1. P .  Pavlov, 

The ideas of nervism i n  pathology, 
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so t h a t  t h e  ro l e  of the  nervous system i n  t h i s  chapter w i l l  be discussed very 

b r i e f l y  and schematically (P.  D .  Gorizontob , 1952). 

With the pa r t i c ipa t ion  of  the  nervous system, the  most highly developed 

processes of adaptation a re  poss ib le ,  even t o  abrupt changes i n  the  environment. 

The nervous system plays an important r o l e  i n  compensatory processes.  

case,  insuff ic iency of the  function of  any organ may be eliminated by increasing 
the  a c t i v i t y  of another organ and even var iocs  systems o f  t h e  organism. 

important t o  keep i n  mind t h i s  respect t h a t  t h e  phenomena of  adaptation and 
compensation occur against  the background of constant va r i a t ion  of the  funct ions 

and s t ruc tu res  o f  t h e  corresponding c e l l s ,  which we s h a l l  discus. i n  somewhat 
more d e t a i l  below. 

In t h i s  

I t  i s  

On the  b a s i s  o f  the  above, it i s  easy t o  see  t h a t  i n  t h e  case o f  various 

unfavorable l i f e  s i t ua t ions ,  and espec ia l ly  under the inf luence of extreme 
fac to r s  , the physiological s t r e s s  on the nervous system increases sharply.  

Suff ice  it t o  say t h a t  a l l  damage increases  the  f low of a f f e ren t  impulsation 

from the  focus of t h e  in jury  t o  the  cen t r a l  nervous system. 

d is rupt ion  o f  nervous regulat ion of t h e  funct ions,  development of nervous 

dystrophies,  and involvement of t he  nerve compo:ient i n  various ki+hnlogical 

processes (A .  D.  Speranskiy). No considerable s t r e s s  can be applied t o  the  
nervous system without consequences. 

t he  nervous system may a r i s e  from i t s  overstimulation. 
i nh ib i t i on  of t h e  corresponding port ions of t he  nervous system takes place.  

In ser ious  cases ,  t he re  is a profound and extensive inh ib i t i on  i n  t he  form of 
coma, characterized by loss  of  consciousness and i n a b i l i t y  of analyzers t o  
function. 

This can cause 

Various phenoillzna involving weakening of 

Under such conditions,  

The well-known s tudies  o f  Pavlov and h i s  school set  down a number of  t h e  

theo re t i ca l ly  novel views t h a t  involve the  b io logica l  s ign i f icance  cf  inh ib i t i on .  /9 
In p a r t i c u l a r ,  i t  was establ ished t h a t  i nh ib i t i on  plays a l imi t ing  and l imi t ing-  
-remedial ro l e  ( E .  A .  Asratyan, A .  G .  Ivanok-Smolenskiy). 

- 

J 

The pro tec t ive  ro l e  of i nh ib i t i on  is  d ic ta ted  by the  f a c t  t h a t  s e n s i t i v i t y  

t o  the act ion o f  ordinary s t imul i  (normal s leep)  o r  t c  t he  act ion of s t rong 
(extreme) s t imul i  ( i nh ib i t i on  beyond a threshold)  decreases o r  disappears.  This 

pro tec ts  t h e  c e l l s  of t h e  nervous system from fu r the r  exhaustion. 

3 



The pro tec t ive  ro l e  cons is t s  i n  the  f a c t  t h a t  i nh ib i t i on  involves t h e  nerve 

c e l l s  i n  processes of ac t ive  recovery, accompanied f o r  example by an increase 

in  the  accumulation of energe t ic  mater ia l  (ATP) and the  elimination of  t he  end 
products of metabolism. In t h i s  connection, under extreme inf luences,  sedat ives  

and sopor i f ics  a re  f requent ly  prescr ibed when ce r t a in  c l i n i c a l  symptoms a re  

present .  

While the  processes of adaptation t o  constantly changing ordinary conditions 

in  the  environment take place qu ie t ly  and unobtrusively,  under the  influence of 
unusually s t rong s t imul i  a profound stress is  sometimes imposed on a l l  o f  t h e  
forces o f  t h e  organism. 
promote the  recovery o f  t h e  v i t a l  a c t i v i t y  not only of t h e  nervous system but  

of other  organs and t i s s u e s .  Such a condition, o r  more exac t ly ,  a reac t ion ,  i s  

ca l l ed  s t r e s s ,  
between the  pro tec t ive  inh ib i t i on  mechanism and the s t r e s s  reac t ion .  

The s t r e s s  i s  most l i k e l y  accompanied by processes which 

A t  the present time, we have no da ta  on the  in t e r r eac t ions  

Many of t he  problems associated with questions o f  recovery and exhaustion 
remain t o  be invest igated.  

S t r e s s  

This term i s  used extensive13 i n  modern l i t e r a t u r e  on pathology. Literally 

t rans la ted ,  i t  means "imposed force". This concept has been used in  medicine 

f o r  a very long time, s ince even noma1 a c t i v i t y  o f  ark organism may be accom- 

panied by an increase i n  the  function of ce r t a in  systems i n  the  organism ( s t r e s s  

on hearing, v i s ion ,  mwcular s t r e s s ,  e t c . ) .  

psthology, the  term "s t ress"  was f i r s t  used by Cannon. 

whole school o f  s t r e s s ,  according t o  which any d isease  cons t i t u t e s  a s t r e s s  

reac t ion .  Theoret ical ly ,  such a view i s  va l id  t o  a c e r t a i n  ex ten t  s ince  the re  
i s  a s t r e s s  on the a c t i v i t y  of the  organism during i l l n e s s  and a number of 

react ions occur which axe aimed a t  Testoration of the  equilibrium which has been 
dis turbed.  

about i t) t h a t  the a b i l i t y  of t he  organism t o  survive even temporarily under 
very unfavorable l iv ing  conditions was developed through evolut ion.  

many o f  Selye's  views a r e  couched i n  overly s implif ied terms. 

As it appl ies  t c ?  problems of 
Then Selye developed a 

I t  has been known f o r  a long time (and there  i s  nothing surpr i s ing  

However, 
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Selye concret izes  h i s  concept of s t r e s s  by saying t h a t  it involves a l l  of 

the  nonspecific react ions of t he  organism t h a t  a r i s e  under the  influeilce o f  

pathogenic fac tors .  However, t h i s  explanation is not very c l a r i fy ing ,  s ince  the  
divis ion of the react ions of a s i ck  organism i n t o  spec i f i c  and nonspecific i s  

a very a rb i t r a ry  matter;  it i s  metaphysical and based on concepts o f  formal 
logic .  

In r e a l i t y ,  there  a r e  no absolutely s p e c i f i c  processes which e re  typ ica l  

of only one disease.  
have t h e i r  own q u a l i t a t i v e  cha rac t e r i s t i c s .  In any n o n q e c i f i c  reac t ion  ( for  

example, i n  inflammation, fever ,  react ions of t he  blood system, cardiovascular ~ /10 

system, e t c . )  t he re  may be (pa r t i cu la r ly  i n  a more profound study) character-  

i s t i c  fea tures  t h a t  a r e  caused by the  act ion of prec ise ly  t h a t  pathogenic 
stimulus. 

t ne  general  (nonspecific) processes of pathology. 

has been known t h a t  reac t ions  can change e i t h e r  i n  t h e i r  i n t ens i -y  (heterometry), 

duration o r  time of  development (heterochrony), o r  locat ion (heterotopy).  As 

a r e s u l t ,  one can general ly  f ind  the  outline: of t he  p a r t i a l  (and therefore  

spec i f ic )  and even a p a r t i a l  development of t h e  general .  

d ia lect$-cs .  

However, t h i s  does not mean t h a t  var-clus diseases  do not 

The s p e c i f i c i t y  i s  determined by t h e  considerable v a r i a b i l i t y  o f  

Since t h e  time of Virchow it 

This is  t h e  law of 

Thus , there  a r e  no s p e c i f i c  o r  nonspecific react ions which e x i s t  separa te ly .  

Hence, regardless  of t he  views o f  Selye and h i s  attempts t o  give the  concept 
of "stress" a general expression f o r  a l l  nonspecif ic  reac t ions  i n  the form o f  

an adaptat ional  syndrome, the majority of researchers  understand the  s t r e s s  

react ion t o  be composed of processes associated with an increase i n  the  a c t i v i t y  

t h e  secre t ion  of ACTH by t h e  adenohypophysis and the  co r t i cos t e ro ids  of  the  

adrenal cortex.  I t  should be mentioned t h a t  the  r o l e  and mechanisms of  the  
act ions of these hormones i n  pathology have la rge ly  not ye t  been s tudied.  

great  contr ibut ion o f  Selye hrLs oeen t 3  d iscuss  the  problem of s t r e s s  i t s e l f  

and the experimental development of  t h i s  problem. His works establ ished t h e  

ro l e  o f  hormonal phenomena i n  s t r e s s  reac t ions .  I t  was shown t h a t  an increase 
i n  the  secretory a c t i v i t y  o f  t h e  hypophysis and the excret ion o f  ACTH, and 

therefore  an increase i n  the a c t i v i t y  of t he  adrenal cor tex and the  excret ion of 
the  glucocort icoids ,  a re  important f ac to r s  i n  the  first s t age  o f  the  s t r e s s  

The 
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reac t ion  ( the s tage  o f  fear o r  mobil izat ion) .  
under t h e  influence of  t he  nervous system allows t h e  organism t o  s h i f t  t o  the  

next s tage  - the  s tage  of  increased nonspecific r e s i s t ance .  Insuff ic iency of 

t h e  adrenal cor tex d e f i n i t e l y  causes a sharp decrease i n  t h e  res i s tance  of t h e  

organism. 
However, t h e  next s tage may a l so  develop - exhaustion of t he  organism, charac- 

t e r i zed  by weakening o f  the pro tec t ive  forces  which may end i n  death.  
reasons f o r  t he  development o f  r e s i s t ance  and exhaustion i n  t h e  organism are  

not c lear .  

The hormonal reac t ion  t h a t  a r i s e s  

Within the  res i s tance  s tage ,  recovery of  t h e  organism may occur. 

The 

Without charac te r iz ing  the  various per iods of  t he  stress reac t ion  i n  
d e t a i l ,  we can confirm t h a t ,  general ly  speaking, t h e  d iv is ion  o f  t h e  changes i n  

the  state of t he  organism i n t o  per iodic  phases ac tua l ly  e x i s t s .  
peatedly observed i n  both c l i n i c a l  and experimental pathology p r i o r  t o  and 

independently of the  work o f  Selye. 
s tud ies  o f  N. Ye. Vvedenskiy on parabios is .  

I t  was re -  

I t  i s  s u f f i c i e n t  t o  r e f e r  t o  t he  c l a s s i c a l  

The work o f  Selye has shown t h a t  on t h e  b a s i s  of  a hormonal condi t iona l i ty ,  

i . e . ,  excess content o f  gluco- o r  mineralocorticoids i n  the  organisn,  e spec ia l ly  

i n  conjunction with the  act ion of  ce r t a in  o the r  s t r e s s o r s ,  development of 

various pathological  processes may occur. 
turbances of  hormonal regulat ion of processes,  caused by inadequate reac t ions  of 

the adrenal cortex.  

A similar s i t u a t i o n  a r i s e s  i n  d i s -  

Pavlov and h i s  school discovered t h e  s ign i f icance  of  the  disturbances i n  the  

neurological s t a t u s  i n  the  form of experimental neuroses as the  bas i s  o f  t he  

development of  diverse  forms of pathology (M. K. Petrova, A.  D. Speranskiy and 

o thers ) .  

vascular d i sease  c l i n i c .  
increased i n  ar. . ~ l s  with experimental neurosss.  

This has been extensively confirmed, f o r  example, i n  t h e  cardio- 
The pathogenic ac t ion  o f  various f ac to r s  is sharply 

Thus, it has been demonstrated experimentally t h a t  d i s rupt ion  of  t h e  
regulatory r o l e  of both t h e  nervous and hormonal systems may cons t i t u t e  a bas i s  

f o r  pathology. 

organism t o  the act ion of extreme stimuli and even determined t h e  locat ion of 

t he  damage. 

D i s tu rbzces  of regula t ion  increased the  s e n s i t i v i t y  of the  

/11 
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Following damage t o  an organism caused by an pathogenic f a c t o r ,  ccmplex 

processes a r i s e  i.n which it i s  d i f f i c u l t  t o  separate  the "breakdown" from t h e  

"physiological measure" against  the  d isease .  This  is because the re  i s  near'.y 

always a s h i f t i n g  o f  t he  cause-resul t  re la t ionships .  

i s  even a change i n  the  r o l e  o f  unambiguous processes.  

may have a pro tec t ive  r o l e  a t  one s tage  of a disease and may be very harmful 
a t  another ( fo r  example, l imi t a t ion  of t he  a c t i v i t y  of an organ due t o  t h e  

formation of a sca r  o r  t he  tox ic  ac t ion  of an exudate). 

In a large organism, the re  

For example, i n f l m n t i o n  

For example, by using a s p e c i f i c  amount of e lectr ic t i1  s t i m u l a t i m ,  as  a 

function of the  force  and durat ion of  the  act ion of the  e l e c t r i c a l  cur ren t ,  one 
can obtain a stress react ion of varying i n t e n s i t y  and durat ion.  

pulse  durat ion of  approximately 2 seconds, a pu lse  i n t e r v a l  o f  1 minute, a 
current  s t rength  o f  2 mA, a frequency of  2,000 Hz and d a i l y  s t imulat ion l a s t i n g  

6-8 hours,  rats develop c h a r a c t e r i s t i c  weight changes corresponding t o  the  

s tages  of the  s t r e s s  reac t ion .  

Thus, with a 

The rats grew s t ead i ly ,  so t h a t  weight cons t i tu ted  a general  index of  t he  

balance of ca tabol ic  and anabol ic  proccsses,  changing as a function of t h e  

s tages  of  t h e  s t r e s s  reac t ion  (Figure 1). In such experiments, the condition of 

increased r e s i s t ance  was repeatedly checked r e l a t i v e  t o  o ther  pathogenic s t imu l i .  

2 4 6 8 I O  12 14 16 18 
Days of electrical stimulation. 

On t h e  bas is  of i t s  b io logi -  
ca l  s ign i f icance ,  the  s t r e s s  

reac t icn  is e s s e n t i a l l y  a reac t ion  
involving adaptation t o  cxtreme 

c o n d i t i m s  . Under ordinary con- 
d i t i o n s ,  a s  we have already 

pointed out ,  t h e  adaptation 
reac t ion  occurs with involvement 

Figure 1. Change i n  t h e  Weight of Rats 
With a S t r e s s  Reaction as a Function of 
Daily E lec t r i ca l  Stimulation. 1, Weight 
of control  rats; 2 ,  weight o f  experi-  
mental rats;  1st t o  5th days, stage of 
mobilizaCon; 6 th  t o  12th days, s tage  9: 
res i s tance ;  after the  13th day, s tage  of work performed by L. A .  Orbel ' ,  
of exhaustion. 

of t h e  nervous system; under 

pathological  conditions t h i s  
pa r t i c ipa t ion  i s  even more 

necessary.  In  fact, on t h e  bas i s  

Cannon and o thers ,  it may be 
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ccnsidered establ ished t h a t  t he  increase i n  the  tone of the  sympathetic nervous 
system accompanying the secre t ion  of adrenaline and the  ac t iva t ion  of the  

secre t ion  of t h e  hypothalamus i s  an i n i t i a l ,  t r igger ing  mechanism f o r  the  

stress reac t ion .  
system was demonstrated long ago. 

Under pathological  conditions,  t he re  are no new mechanisms of  r e s i s t ance  o r  
adaptation t h a t  develop, so t h a t  t he re  i s  nothing surpr i s ing  i n  the  f a c t  t h a t  

t he  synpatb5tic nervous system i tself  r e a c t s  pr imari ly .  

The adaptat ional- t rophic  r o l e  of t h e  sympathetic nervous 
Corresponding examples w i l l  be given below. 

Hence, we understand t h e  stress reac t ion  t o  be t h e  involvemsnt i n  regula- 
t i o n  of adaptat ional  mechanisms of  t h e  following systems: 
o r  lobe of t h e  hypophysis --* adrenal cor tex + t i s s u e s  and organs. 

hypothalamus + a n t e r i -  

We can c l a r i f y  t h e  r o l e  of t h i s  system a f t e r  a b r i e f  discussion of problems 

of  res i s tance  and mechanisms of adaptation. 

Nonspecific - Resistance of t h e  Organism and Mechanisms of Adaptation - / 1 2  

Tn h i s  da).  t h e  famous American physiologis t  Cannon concluded t h a t  t he  
organjsm ?f aqimals has a considerable "reserve strength"; it i s  not  s t ruc tured  

along the  l i n e s  of a s p e c i f i c  l i m i t  and t h e  p r inc ip l e  o f  t he  strictest form of 

economy. 
maximum a r t e r i a l  pressure va r i e s  from 110-120 mm Hg. 
f a l l  t o  70-80 m Hg before a c r i t i ca l  level. is reached at  which the  blood supply 
t o  t h e  t i s s u e s  becomes in su f f i c i en t .  The hea r t  can increase t h e  number of its 
contract ions oy a f a c t o r  of 2 a t  arty time and t h e  a r t e r i a l  pressure can r i s e  
30-40%. 

capaci ty  . 

Numerous f a c t s  support t he  f i r s t  view. For example, t he  normal 
However, t h e  pressure can 

The hear t  i s  the  most adaptive organ, r i c h l y  endowed with reserv?  

The funct ion of r e sp i r a t ion  a l so  has a considerable reserve s t rength :  we 

know t h a t  l i f e  can continue when a grea t  deal  of t he  lung tissue has been 
damaged or removed. Moreover, a r t e r i e l  blood contains approximately 3.5 times 
more oxygen than is  usua l ly  used by the  tissues. 
pa r t  of tne  stomach o r  about two-thirds of  t he  small i n t e s t i n e  o r  most of t h e  
large i n t e s t i n e  without s ign i f i can t  changes occurring. 

stand removal o f  three-fourths  of  t h e  l iver and t o t a l  ex t i rpa t ion  o f  t h e  

spleen. 

One can remove t h e  greater 

The organism can w i t h -  

Since the  time of  t h e  s tud ie s  of Richard*, it has been known t h a t  a 
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port ion of t h e  nephrons do not  work constant ly  and cons t i t u t e  a reserve.  

moval of two-thirds of  each kidney can be performed without se r ious  d i s r u p t i  

of kidney funct ion.  
constant when t h i s  i s  done. Experiments have shown tha:: one-tenth of  t he  

adrenal t i s s u e  i s  s u f f i c i e n t  t o  support l i f e ,  while t o t a l  removal of  both 

adrenals leads t o  rapid death of animals within maximcm limits - up t o  36 hours.  
Ext i rpat ion of f o u r - f i f t h s  o f  t he  thyroid gland w i l l  not cause symptoms o f  

myxedema. 
i n  calcium metabolism. I t  i s  s u f f i c i e n t  t o  have one - f i f th  o f  t h e  t i s s u e  i n  the  

pancreas i n  order  t o  meet the  needs of t h e  organism €or in su l in  and t o  avoid 

symptoms of diabetes .  

Re- 

The volume and composition of t he  ur ine remain practica:Lg 

Removal of both parathyroid glands does not r e s u l t  i n  any changes 

A l l  o f  these f a c t s  ind ica te  t h a t  the  functions o f  many organs a re  several  

times g rea t e r  than the  needs of t he  organism f o r  normal a c t i v i t y .  

does not mean t h a t  t h e  na ture  of  l i v ing  organisms i s  wasteful o r  uneconomic. 

In contract  t o  machines and o ther  technical  equipment, t h e  "reserve strength" 

i n  a l i v i n g  organism i s  achieved i n  various ways: here,  t he re  i s  an in t zns i -  

f i c a t i o n  of  t h e  function of a c e r t a i n  organ not only due t o  the  reserve forces  

but a l so  because of changes i n  metabolism, involvement of  other  systems i n  
the  organism, changes and s t ruc tu res ,  e t c .  

However, t h i s  

I t  may now be considered es tab l i shed  t h a t  following removal o f  any p a r t  of  
an in t e rna l  organ, replacement by hypertrophy of the  corresponding tiswl: w i l l  

occur. Hypertrophy, e s s e n t i a l l y  speaking, i s  the  regeneration of the  organ 
i n  the  morphological and funct ional  sense. 
governed by the  po ten t i a l  p l a s t i c  capac i t ies  which ac tua l1  
remote periods following ex t i rpa t ion .  

Hence, t h e  "reserve strength" is 
a r i s e  at  q u i t e  

I? 

There a re  many f a c t s  which ind ica te  t h a t  t h e  path o f  evolution has been 

marked by an improvement i n  the  most "economical and prof i tab le"  expenditure 
of energy and mater ia l s .  

of blood i s  marry times less than the  volume of  t h e  vascular  bed, and the  organism 
can meet i t s  needs with a comparatively siilall amount o f  blood. 

d i s t r i b u t o r s ,  t he  erythrocytes ,  requi re  a m i n i m u m  amount o f  oxygen f o r  t h e i r  
needs. 

Thus, f o r  example, we know t h a t  t h e  ava i lab le  amount 

The oxygen 

Their d'sruption o f  the  r inc ip l e  of economy can occur only under 
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pathologiLa1 conditions,  when the  re ten t ion  c f  l i f e  i n  any form i s  the f i n a l  

s t ep  i n  the  existenco of t he  s t r u c t u r a l  u n i t  3r the  organism as d whole. 
- / 1 3  

In addi t ion t o  the "reserve s t rength" of various organs and systems, non- 

spec i f i c  res i s tance  i s  assured by a nuaber of other  c h a r a c t e r i s t i c s  which make 
it possible  fo;. the  organism t o  withstand various changes i n  the  extern 1 and 
in t en ' a l  environment. These include i n  p a r t i c u l a r  t h e  in tac tness  of  the  

cutaneous coverings and the ~ I U C G U S  membranes a which prevent the penetratiori of 
varioiis harmful o r  foreign substances i n t o  the organism. 

The pro tec t ive  r e f l exes ,  such as sneezing, coughing, e t c . ,  promote the  
removal of i r r i t a t l n g  agents from the  r e sp i r a to ry  organs. 
Pavlov have shown, such harmful substancms as  acids or a l k a l i s  t h a t  en te r  the  

mouth o r  stomach can be rap id ly  d i lu t ed  by s a l i v a ,  g a s t r i c  j u i c e ,  e r c . ,  o r  

expelled by s p i t t i n g  o r  vomiting - t h i s  is how the  gas t ro in t e s t ina l  t r a c t  and 

the organism as a whole a r e  protected against  harmful substances.  
of dupl icat ion o f  organs unquestionably increases  the  probabi l i ty  of preserva- 

t i o n  of  the  corresponding funct ions (kidneys, lungs, adrenals ,  e t c . ) .  The 
p r inc ip l e  of the  dupl icat ion of  functions qperates  s imi l a r ly .  

t he  s p l i t t i n g  o f  pro te ins  i s  accomplished by enzymes i n  the  g a s t r i c  j u i c e  and 
the  pancreat ic  j u i c e ,  while carbohydrates a re  s p l i t  by enzymes i 
and pancreat ic  j u i ce .  
p a r t i a l l y  by the sweat glands. 

P s  t he  s txd ies  o f  

The p r inc ip l e  

For  example a 

the  s a l i v a  

Excretory processes a r e  car r ied  out by the kidneys and 

The pr inc ip le  cf the  dupl ics t ion  of funct ions a l so  involves the  nervous 

system and the  endocrine glands i n  pro tec t ive  react ions to  a ce r t a in  extant. 
Increasing the nonspecific res i s tance  may a l so  be the  consequence of a change 

i n  a c t i v i t y ,  fo r  example, of the  sympathetic nervous system, and an increase 

i n  the  secretory a c t i v i t y ,  f o r  example the hypophysis and adrenal cor tex.  

However, t h i s  i s  not a suf f ic :en t  bas i s  f o r  concluding t h a t  the  mechanisms of  
the  influence o f  these systems on the res i s tance  o f  t h e  organism a r e  iden t i ca l  
and equivalent.  

.- 

There i s  an e n t i r e  system of c e l l s  i n  the  organism whose r o l e  was f i r s t  
s tudied by I .  1. Mechnikov, V .  K. Vysokovich, A .  P .  Bogomol'ts and o ther  authors .  

This i s  the  so-cal led re t icu loendothe l ia l  system, o r  ...- the  system of  the  ac t ive  
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mesenchyma, which has a wide v a r i e t y  o f  functions r e l a t e d  t o  the  maintenance o f  

t he  in t e rna l  environment of  t h e  organism. In p a r t i c u l a r ,  t h e  m i c r o k s  which 
penetrate  t h e  organism a r e  captured and destroyed by t h e  c e l l s  of t he  r e t i c u l o -  

endothelial  system. The b a s i c  substance of cdnnective t i s s u e  a c t s  as  t h e  
moderator o f  c e l l  energy. The tox ic  effect  

functional s t a t e  o f  t h e  cel ls  o f  t h e  r e t i cu loendo the l i a l  system and t h e  bas i c  
substance. Wen t h e  functional a c t i v i t y  of t h e  r e t i cu loendo the l i a l  systen 

increases,  t o x i c i t y  msy be reduced many times; on t h e  other hand, when the  
a c t i v i t y  of t he  ret iculoendothel ia l  system slackens,  t h e  consequences of 
poisoning may be considerably worse, 

' various poisons depends upon t h e  

Specia! mentior. should be made o f  t h e  f a c t  t h a t  t h e  l i v e r  has a detoxifying 
function which cons i s t s  i n  t h e  neut ra l iza t ion  o f  poisonous sc5stances by means 

o f  t h e i r  combination with s u l f u r i c  o r  g luc i ron ic  acid o r  t h e  destruct ion o f  

t h e  toxins .  

The systemic p r inc ip l e  i s  pai-ricularly e f f e c t i v e  a s  far as ensuring t h e  

bas i c  functions i s  concerned , which may be c r i t i ca l  under ceztain conditions 
(when the  organism i s  i n  an unfavorable s t a t e ) .  Thus, f o r  example, when t h e r e  

i s  a snortage o f  oxygen i n  t h e  organism, the re  i s  not  onlv a speeding up of t h e  
rhythm of r e sp i r a to ry  movements but a simultaneocs increase i n  the  number of 

/ 1 4  cardiac CL ;actions, t h e  blood flow speeds up, t he re  i s  a r i s e  i n  a r te r ia l  - 
pressure,  rcdictrLhution of t h e  blood supply, and introduct ion o f  erythrocytes 

i n t o  the  general c i r c u l a t i o n  through contract ion o f  t h e  spleen; t hese  erythro- 
cytes a r e  re ta ined i n  t h e  spleen t i s s u e  as a reserve.  

a l l  of t h i s  i s  f o r  one purpose - increas ing  t h e  supply of  oxygen t o  v i t a l l y  
important t i s s u e s .  

In the  f i n a l  ana lys i s ,  

Howeva-, ac t iva t ion  of  the  p r inc ip l e  o f  systemics cannot take place without 

higher i n t eg ra t ive  functions of  t h e  organism. In t h i s  r e spec t ,  as we have 
already mentioned, an important r o l e  i s  played by t h e  nervcus system. The 

adaptational-trophic r o l e  o f  t h e  sym2athetic nervous system :xas establ ished by 
L.  A.. Orbel'  and Canncn. 

Cannoit po in t s  out t h a t  t h e  sympathetic-adrenal system plays an important 

r o l e  i n  blood l o s s ,  speeding up t h e  process o f  blood coagulation and causing 

11 



t h e  contraction of the  per ipheral  vessels ,  thus promoting a re ten t ion  of t he  

blood i n  the  organism. When the  ambient temperature f a l l s ,  the  act ion of t h e  
sympathetic-adrenal system causes a narrowing o f  the  per ipheral  vesse ls ,  e l e -  

vation o f  h a i r  o r  b r i s t l i n g  of t he  f u r  due t o  t h e  contract ion of t h e  pilomotor 

muscles. This leads t o  a seduction o f  heat  l o s s .  The secre t ion  of adrenal ine 

proaotes an increase i n  the  oxidat ive processes and 3 r i - e  i n  heat production. 
Reraoval of t he  sympathetic nodes ( thoracic ,  abdominal) i n  an iaa ls  (cats)  

r e s u l t s  i n  reduced res i s tance  t o  the  act ion o f  low teinperatures: 
re f lex  is  absent, t he  per ipheral  vessels  do not  c o n s t r i c t ,  and adrer,aline i s  

not secreted.  As a r e s u l t ,  after spenriing 2 . 5  hours i n  a room (far example) at 
a temperature of 0.8-6", sympathectonized c a t s  showed a Lrop i r  body temperaturo 
while control  animals remained E t  normal l sve l s .  S,vmpathectoaiized moukeys 

sF,owed reduced res i s tance  t o  t h e  act ion o f  high temperature. 

overheating i n  the  sun and developed heat s t roke .  

were observed i n  normal monkeys under the  same conditions.  

the pilomotor 

Monkeys suf fe iad  

No disturbances o f  any kind 

By l i m i t i n s  ourselves t o  these examples, we can see tha t  t h e  sympathetic 
nervous system plays an important r o l e  i n  the  adaptation o f  t he  organism. As 

we neritioned e a r l i e r ,  i -  is  involved i n  the  ac t iva t ion  of t h e  hormonal system 
of t he  hypophysis and adrenal cor tex i n  t h e  s t r e a s  rmaction. 

s t r e s s  react ion must be viewed as an adaptation t o  more ser ious  inf luences,  
requir ing t h e  ac t iva i lon  of addi t ional  mechanisms f o r  recovery and pro tec t ion .  

However, the  question of the  spec i f i c  mechanisms involved i s  still  not 
su f f i c i en t ly  c l ea r .  

Clear ly ,  t he  

I t  may be considered establ ished t h a t  t h e  glucocort icoids  support gluconeo- 
genesis,  working wi.th adrenaline t o  promote the  mobilization of sugar which 

improves the supply of t he  t i s s u e s  with "fuel". The glucocort icoids  have a 
s t ab i l i z ing  e f f ec t  on the  c e l l  membranes. 

turbance of the  c e l l  membranes nay play a - r i t i ca l  r o l e  i n  the  development of 
c e l l u l a r  pathology and i n  the  desths  of  cells .  
c e l l s ,  t ne  glucocorticoids enr ich the  in t e rna l  environment k i t h  ant ibodies  and 

thexeby increase the  pro tec t ive  act ion of  t h e  medium. 
being destroyed, carry out a trophocytic r o l e :  

lymphocytes may be u t i l i z e d  i n  processes of r epa i r  and regeneration of damage 

As w i l l  be shown la te r  on, t h e  d i s -  

By causing t h e  death o f  lymphoid 

The lymphocytes, by 
f o r  example, t h e  DNA o f  t h e  
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t o  t i s sues .  I .  N .  Kendysh and B.  B .  Moroz have shown t h a t  when lymphocytes 

a re  destroyed under the  influence o f  hydrocortisone as  a p l a s t i c  mater ia l ,  i n  
addi t ion t o  the  nucleic  ac ids ,  amino acids  and t h e i r  metabolites a r e  used. The 

increased contents o f  these substances may cause ac t iva t ion  o f  glyconeogenesis 
and synthesis  of pro te in  i n  the  l i v e r .  I t  has been establ ished t h a t  t h e  pro- 

cesses of ac t iva t ion  y-oceed more rap id ly  under the  influence o f  the  lymphoid 

cells present i n  the  medium. The cor t icos te ro ids  have a s ign i f i can t  influence 

on t h e  in t ens i ty  of t he  inflammatory reac t ion .  Insuff ic iency of hormonal - / 1s 
function of the  adrenal cor tex causes a sharp drop i n  the  res i s tance  of t h e  
organism. 

in su f f i c i en t  function of t he  adrenal cor tex can lead t o  t h e  death of  t h e  
orgznism. 

We know t h a t  even an in s ign i f i can t  trauma i n  the  presence of 

Regulation, Resistance and Adaptation on t h e  Cel lu la r  Level 

On the  bas i s  o f  t he  data  presented above, it mcst not be concluded t h a t  t he  
res i s tance  and the  adaptat ional  mechanisms opev.te oqly on the  l eve l  o f  organs 

o r  systems of t h e  organism. 
c e l l u l a r  res i s tance .  These include: phagocy:osjs, c e l l u l a r  c x c r e t i m ,  re- 
synthesis  of pro te ins  and damaged s t ruc tu res .  
mechanisms is  a function not only of the  generai  but a l s o  o f  t he  loca l  regula-  

t i o n  of  funct ions.  
r e l a t ed .  

Every c e l l  has var ious mechmlsms t h z t  ensu-2 

The effnct iveness  o f  these 

The processes of loca l  and general  res i s tance  a r e  inter-  

The c e l l ,  i=s an i n t a c t  s t r i c t u r e ,  h;s i t s  own l eve l  of in tegra t ion  and 
regulat ion o f  functions.  

a l l  the  c e l l  s t ruc tu res .  

important s t r t i< ture .  
the  processes of biosynthesis and over t he  reproduction of  c e l l  organel les .  

tlDwever, i n  addi t ion t o  the  genet ic  control  f a c t o r s ,  encoded i n  the  DNA of t h e  

c e l l  nucleus, there  are cytoplasmatic in tegra t ion  f ac to r s ,  a s n g  which t h e  most 

important r o l c  i s  played by ?!.e mitochondria ( S .  A .  N e y f a k h ) .  

By in tegrz t ion ,  we Irean here  t h e  coordinated ac t ion  of 
From t h i s  stand?oint,  t h e  nucieus i s  the most 

The genct ic  apparatus of  t he  nucleus exe r t s  control  over 

?fie mitochondria are the bas ic  "energy fac tor ies"  o f  the  c e l l .  I t  i s  here  
t h a t  the  accumulation of  energy takes place, i n  t h e  form of compounds t h a t  

belong t o  th? adenyl system. Energy i s  generated as the  r e s u l t  of  a conversion 
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of adenosinodiphosphoric acid (ADP) i n t o  adenosinotriphosphoric acid (ATP) , r i c h  

i n  energy, through the  phosphorylization reac t ion .  The phosphorylization pro- 
cess ,  i . e . ,  t he  joining of inorganic phosphorus (P ) takes  place by v i r t u e  

of the  energy which i s  obtained from the oxidation of various substances (pro- 
t e i n s ,  f a t s ,  carbohydrates) by means of oxidizing enzymes. 

which ATP i s  formed has the  following equation: 

inorg . 
The react ion i n  

NAD = H2 + 1 1 2  O2 + 3 AD? + 3 Pinorg. -+ NAD + H2) + 3 ATP 

(NAD i s  nicotinamide adenine dinucleot ide,  NAD = H, i s  reduced nicotinamide 

adenine dinucleot ide) .  This process i s  r eve r s ib l e .  Liberation o f  energy through 
the  breakdown of ATP leads t o  the  formation o f  ADP: 

- 

-* ADP + ' inorg.. ATP + H20 

The energy given o f f  by ATP when t h i s  substance breaks down i s  used t o  
ensure the  functioning of t he  c e l l  and f o r  var ious biosynthet ic  processes.  

oxidation energy not only goes t o  synthesize ATP but t o  form heat as wel l .  

The 

The general mechanism of  c e l l u l a r  automatism i n  the  regula t ion  of  t he  
functions of metabolism c m s i s t s  f o r  example i n  t h e  f a c t  t h a t  t he  products of 
tne breakdown st imulate  the  synthesis  of t he  raw mater ia l .  Thus, the  ADP which 

i s  formed as a r e s u l t  of t h e  breakdown of ATP s t imulates  t h e  resynthesis  of  ATP 

and thereby ensures t h a t  t he  energy resources are kept a t  t h e  o r ig ina l  l e v e l ,  
while an increase i n  t h e  synthesis  of  A'i'P i a h i b i t s  o the r  processes i n  t h e  c e l l ) .  

!t has b:en establ ished (S. A. Neyfack) t h a t  mitochondrii play the  leading 

r o l e  it t h e  cSanges in  a c t i v i t y  and i n  o the r  organel les  of the  c e l l .  I t  is 
c lear  therefor: t h a t  t h e  mitochondria are the  most r eac t ive  s t ruc tu res  i n  t h z  

c e l l  Their size changes rap id ly  under t h e  inf luence of  s t r e s s o r s  o f  any kind. 
However, as L. A .  Orbel'  pointed out i n  h i s  day, i n  the  course o f  evolution the  

older forms of c e l l u l a r  automatism have been suppressed by l a t e r  forms of  

regulat ion involving the  organism, i n  t h e  form o f  nervous and hormonal cont ro l .  

The o5vious nature  of such re la t ionships  i s  beyonddispute,  although the  con- 
c re te  mechanisms o f  t h i s  regulat ion remained undiscovered for a long time. 
thLs respec t ,  considerable in+e res t  a t taches t o  t h e  work o f  V .  S. I l ' i n  and h i s  

sch001, who showed t ha t  hormonal control  ( i n su l in ,  oxytosin,  vasopressin) can 
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be achieved through changes i n  the  permeabili ty o f  c e l l  membranes, a c t i v i t y  of 

enzymes and t h e  r a t e  of synthesis  of enzymes. 
permeabili ty.  

Let us examine an example of 

According t o  V .  S. I l ' i n  and T V .  Titova,  molecules o f  i n su l in  and o ther  
hormones a re  f i x r d  i n  the  pro te ins  or l ipoproteid c e l l  membranes through the  

bonding of t h e i r  d i su l f ide  bonds ( - S - S - )  with the  su l fhydr i l  groups (-SH) of 

the pro te in  receptors .  

plexes. 
the  i ipoproteins)  and thereby increase the  permeabili ty of t he  membranes. 

This leads t o  t h e  formation of  hormone-protein cam- 

The complexes change t h e  conformation o f  t he  membrane pro te ins  (or 

The molecular mechanisms of the  decrease i n  permeabili ty o f  t he  c e l l  

menibranes on the  influence o f  glucocort icoids  have not ye t  been completely 
explained. 

The r o l e  o f  t he  nervous system i n  t h e  regulat ion of  the cell  metabolism was 

demonstrated i n  the  work o f  V .  S .  I l ' i n .  

treatment of these s tud ie s ,  we w i l l  merely mention t h a t  i n  denervated t i s s u e s  

( l i v e r ,  muscle) the  synthesis  and a c t i v i t y  of t he  enzymes involved ir t h e  meta- 
bolism o f  glucose change i n  a fashion which causes t h e  metabolism t c  .esemble 

t h a t  i n  embryonal t i s s u e s .  
of t he  c e l l s  i n  t he  l i v e r  t o  the in j ec t ion  o f  &?ucosz was l o s t .  

animals, t h e  administration of glucose causes, fo  t example, increased synthesis  
of glucokinase. 

l i v e r .  Following various experiments and s tud ie s ,  I l ' i n  concluded t h a t  the  
elimination of nerve connections la rge ly  decreases the  adaptat ional  capac i t ies  

o f  t i s s u e .  

Without going i n t o  a biochemical 

For example, following denervation, t he  r e a c t i v i t y  
In i n t a c t  

This did not take place i n  the  t i s s u e s  o f  t h e  denervated 

Thus, one of the  mechanisms of adaptation of cells  i s  an increase i n  the  
The DNA of t h e  

which contains the  e n t i r e  code of  genet ic  information, regula tes  t h e  

corresponding syn the t i c  processes.  

nucleu 
nature  and in t ens i ty  of  t he  synthesis  through RNA by v i r t u e  of a change i n  t he  

amount of open (act ive)  and closed (passive) p a r t s  of the  DNA o r  the  genes. 
I f  it is  s a t i s f i e d ,  t h e  corresponding ac t ive  p a r t s  of  t he  DNA molecule a r e  

repressed. 
funct ional  a c t i v i t y  o f  t h e  corresponding p a r t  of  the  DNA through the  involvement 

How i s  t h i s  accomplished? 

Increased demands for some suhstance cause an increase i n  t h e  
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o f  hormones, which cause depression o f  t h e  necessary p a r t  of the  DNA. The r o l e  

of synthe t ic  processes i n  pathological examples was demonstrated in  t h e  work of 

F .  2.  Meyerson, who developed t h e  idea of t he  p l a s t i c  quaratee of  functions.  

The author notes t h a t  any disturbance w i l l  u l t imate ly  lead t o  in su f f i c i en t  

synthesis  of  nuc le ic  acid.  

of t h e  c e l l s  and t h e i r  ab i l i ty  t o  recover.  However, t h e  damage t o  chromosomal 
DNA which occurs even under "normal" conditions of l i d e  of  a c e l l  o r  under the  

influence o f  pathcgenic f ac to r s  may be repaired.  

been demonstrated t h a t  t h e  cell contains spec ia l  enzyme systems t h a t  cause 

the  s p l i t t i n g  of f  of t h e  damaged p a r t  of  t he  damaged p a r t  of a molecule, cross- 
l i nk ,  ezc. 

the  c e l l .  

T h i s  w i l l  unavoidably affect the  funct ional  a c t i v i t y  

A t  t h e  present  time, i t  has 

I t  i s  possible  t h a t  similar processes increase the  res i s tance  of 

Increasing t h e  a c t i v i t y  of t h e  mitochondria leads t o  an increase i n  t he  -- /17 
synthesis  of macroergic compounds (ATP and o thers )  which are v i t a l l y  necessary 

i n  order  t o  increase t h e  v i t a l  a c t i v i t y  of t h e  c e l l .  

condi t ions,  t h i s  i s  accomplished through oxidat ion phosphorylization. 

unfavor-'-te s t r e s s  conditions ( f o r  example, heavy work, hypoxia, e t c . )  ATP 

synthesis  may occur outs ide  the  mitochondria through the  inclusion of anaerobic 

g lycc lys i s ,  a l e s s  economic process.  
caused by a change i n  t h e  s t ruc tu re  and permeabili ty of the  c e l l s  i n  the  mem- 
branes of the  mitochondria. This allows penetrat ion of the  ATP and t h e  enzyme 
kinazine in td  the  c e l l ,  thus  s t imulat ing the  develapL,ent o f  aerobic glycolysis  

i n  the  L. Loplasm. 

Under ordinary adaptation 

Under 

Inclusion o f  anaerobic glycolysis  i s  

I'he c e l l  organel les  sometimes perform similar funct ions.  According t o  
iqeyfakh, the  genet ic  information of  a t  l e a s t  some pro te ins  i s  encoded i n  t he  

DNA o f  t h e  mitochondria. 
>e regulated by tho  mitochondria themselves without the  d i r e c t  inf luence of DNA 

from the  riucleus o f  t h e  c e l l .  This ind ica tes  t h a t  t he  p r inc ip l e  of dupl icat ing 
the  funct ions i s  ca r r i ed  out t o  some extent  on t h e  c e l l u l a r  1t;sl a s  wel l .  

Thus, adaptation of ce r t a in  synthe t ic  processes may 

upl icat ion of funct ions by various orgmelLes unquestionably increases  t h e  
Tesistance and adaptat ional  capac i t ies  of t h e  c e l l .  

Oxidative procasr;?s are  r e l a t ed  PO adaptation t o  the  ac t ion  of low teinpera- 
tu P S .  Under optiilium condi t ions,  as we pointed out e a r l i e r ,  oxidation and 



phosphorylization a r e  r e l a t ed  processes,  whose in t ens i ty  i s  expressed by the  

coeff ic ie .  t P/O. 
phosphorylization and oxidation processes.  

doses of thyroxin,  ce r t a in  substances (dinitrophenol:  phenyl hydrazine, amytal, 

e t c . ) ,  and a decrease i n  temperature. Let us r e c a l l  t h a t  oxidat ion i s  a source 

o f  heat.  V .  P.  Skulachev establ ished t h a t  cooling o f  animals causes a drop i n  

P/O i n  muscles but no change i n  the  l i v e r .  

tissue had a pronounced adaptive nature  and influenced the  general  condition 
of t h e  animals, pa r t i cu la r ly  with repeated cooling. The following t a b l e  was 

taken from a monograph by V .  P .  Skulachev (Table 1). 

The coe f f i c i en t  can be decreased by genera1izatio;i of  the  

Generalization i s  caused by large 

The decrease i n  P/O i n  the  muscle 

TABLE 1. EFFECT OF COOLING ON The low P/O coe f f i c i en t  

1,40+0,11 (IO) 
1,40+_0,09 (9) 

P/O VALUE I N  
THE L I V E R  AND 

Treatment of the 
pigeon 

0,85f0,10 (13) 
0,15f0,05 (8) 

Without cooling 
After repeated 

cooling 

THE MITOCZONDRIA OF 
MUSCLE OF THE PIGEON of  the  m u c l e  mitochondria 

made it pcss ib le  t o  maintain 
temperature desp i te  t he  in-  p, 0 

t ens ive  heat l o s s .  Animals 
which re ta ined  a high P/O i n  

the  muscle mitochondria, and 

According t o  Skulachev, adaptation of  animals t o  a sharp dmp i n  tempera- 

t u r e  occurs in  three  s tages  (Figure 2 ) .  

hypothermia and temporary s t imulat ion of gas exchange, repl-ced by slow 

breathing; t h i s  i s  followed by a r e l a t i v e l y  s l i g h t  general izat ion of  oxidation 
and phosphorylizatior i n  the muscles. In the second s t age ,  t he re  i s  a fu r the r  

separat ion of r e sp i r a t ion  and phosphorylization in  the  muscles; t he  body 
temperature and gas exchange s t a b i l i z e .  

decrease i n  separat ion o f  r e sp i r a t ion  and phosphorylization and st! nulat ion of 
&as exchange, as well as an increase i n  body temperature. 

The f i r s t  s tage  i s  character ized by 

The t h i r d  s t q e  is accompanied by a 
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Stages of adaptation to cold 
by the  matrix synthesis  of t he  

DNA molecules. Cell  d iv i s ion  i s  Figure 2 .  
i n  the  Pigeon. 1, Oxygen consumption; 

Stages of Adaptation To Cold 

2 ,  P/O i n  t he  mitochondria of t he  
pectoral  muscle; 3 ,  body temperature. 

function but  of  t he  ce l l  as  a whole, 

from the  standpoint of  l oca l  e f f e c t s .  
numerous f a c t s  can be presented which ind ica te  t h a t  t he  i n t e n s i t y  of t he  mi to t ic  
processes i s  a function of the  general  s t a t e  of t he  organism, the  inf luencs of 

nervous and hormonal systems, e t c .  ( I .  A .  Alov). 

accomplished through a r i s e  i n  the 

a c t i v i t y  not only of t h e  nuclear  

A change i n  mi tos i s  cannot be viewed so le ly  

To determine the  r o l e  of t h e  organism, 

The experiments of V .  P. Pashchenko demonstrated t h a t  a s ing le  cooling of 

t he  organism causes a change i n  the  s t a t e  of t he  cel ls  of  t he  kidney which i s  

characterized by the  f a c t  t h a t  a cu l tu re  o f  kidney tissue fi-om such animals 

showed a r e l i a b l e  increase in  t h e  number o f  c e l l s .  
exposure ( s ta rva t ion)  t h e  author observed inh ib i t i on  of c e l l  growth i n  t i s s u e  

cu l tures .  

found t h a t  resec t ion  of 10% o f  t he  small i n t e s t i n e  was followed by t h e  appearance 
of substances i n  the  blood which stimulated t h e  mi to t ic  a c t i v i t y  and t h e  pro- 

cesses of p r o l i f e r a t i o n  of the  i n t e s t i n a l  epithelium in  the  unoperated animals. 

In prolonged unfavorable 

Loran and Carbone, i n  experiments performed i n  ra ts  with parabios is ,  

Howevex, i n  the examples c i t ed  above, the  r o l e  o f  t he  organism i s  far from 

c lear ;  the s ignif icance of  t h e  sympathetic nervous system and the  cor t icos te ro ids  
has not been determined; t he  influence of various s tages  o f  t h e  adaptat ional  
syndrome has not been determined. 
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DhvaXe t o  Cel l s  - 
Pathology has long been familiar with degenerative changes i n  the  c e l l  i n  

t t .>  f o r m  of turb id  w e l l i n g  , vacuolization, hydropic degeneration, i n f i l t r a t i o n  

by rarious substances, e t c .  These terms do not f u l l y  reveal t h e  nature  of the  
cha,izes. 

beginning t o  be s tudied.  
e lec t ron  microscopy and molecular pathology. 

The funct ional  c h a r a c t e r i s t i c s  o f  t he  damaged c e l l s  a r e  r e a l l y  only 

Successes have been achieved through use of methods o f  - /19 

Special  s tud ies  performed by Trump and Ginn (1969) revealed t h a t  various 

intervent ions influencing pro te in  metabolism and pro te in  synthesis  do not 
themselves cause the death o f  t h e  c e l l .  

s ens i t i ve  t o  hypoxia. Oxygen s ta rva t ion  causes insuff ic iency of energy forma- 
t i on ,  which i s  very dangerous t o  the l i f e  o f  t he  c e l l .  However, the last  s t e p  

i n  any kind of  damage t o  a nondividing c e l l  cons is t s  i n  the des t ruc t ion  of t he  

permeability of t he  cel l  membranes. 

In  t h i s  respec t ,  t he  c e i i s  were most 

Destruction of c e l l  membranes may be primary o r  secondary; the  l a t t e r  can 

occur, f o r  example, i n  hypoxia, and in su f f i c i en t  ATP formation. Regardless of 

the  method of damage t o  the  plasmatic envelope, disturbance of t he  i n t e r n a l  

medium of the  c e l l  occurs. 
and increased penetrat ion of sodium and water i n t o  the  c e l l .  I t  must be taken 

i n t o  account t h a t  a l l  t he  s t ruc tu res  of  t h e  c e l l  have membranes with d i f f e ren t  
s t ruc tu res  and permeabi l i t ies  having d i f f e r e n t  funct ional  s ignif icance.  

fore ,  when the  permeabili ty of t he  c e l l  membranes is  destroyed, t he re  i s  an 

inhomogeneous s w e l l k g  o f  t h e  i n t r a c e l l u l a r  s t ruc tu res ,  d i s rupt ion  of t h e i r  
functions and i f  the  processes a r e  i r revers iDlc  - -  death of t h e  c e l l .  

This i s  accompanied pr imari ly  by a loss  of potassium 

There- 

Modern pathology cannot be s a t i s f i e d  w i t h  a simple confirmation o f  damage t o  
c e l l s  o r  t h e i r  deaths. 

desth may largely depend on which funct ional  s t ruc tu res  (organel les)  were damaged. 

Disturbance of t he  funct ional  a c t i v i t y  of  a c e l l  o r  i t s  

The nucleus of t h e  c e l l  i s  the  most important s t r u c t u r a l  un i t .  Without the 
nucleuc, l i f e  would be near ly  impossible f o r  c e l l s .  

erythrocyte ,  which i s  incapable of dividing,  however. 
i s  accompanied by genet ic  disturbances o r  loss  of the  a b i l i t y  spontaneously t o  

produce c e l l  substance i n  dividing c e l l s .  
the  interphase period causes a number of funct ional  dis turbances.  

An exception is t he  mature 

Damage t o  the  c e l l  nucleus 

Damage t o  t h e  nucleus in  c e l l s  during 
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On the  bas i s  of data  on the  ro l e  of t he  bas ic  subce l lu la r  s t ruc tu res ,  we 
can represent schematically t h e  most important consequences o f  damage t o  them. 

For the  sake of brev i ty ,  we have presented these poin ts  i n  Table 2 ;  t he  
s p e c i f i c  charac tey is t ics  of i n t r i n s i c  funct ions of  t he  various organs were not 

taken i n t o  account. 

A s  we can see  from Table 2 ,  the  mitochondria obviously react  t o  any kind 

of change. In h i s  survey a r t i c l e ,  A .  G .  Bulychev describes t h e  l a b i l i t y  of t he  

mitochondria and the  high degree of dynamicity, using the  term ttdynamicitytt t o  
represent  t he  change i n  various s t r u c t u r a l  elements of t he  mitochondria dnd t h e i r  

rapid recovery. 
who showed t h a t  disturbance of t h e  functions of  t h e  mitochondria occurs during 
s ta rva t ion ,  t he  act ion of various piiyaical and chemiwl f ac to r s ,  under t h e  

influence of hormones, vitamin def ic iency,  e t c .  Foi example, i n  mechanical 
traumas the  mitochondria swell  and become "coarser". Poisoning by phosphorus 

causes agglut inat ion o f  t h e  mitochondria; they dissolve and change i n t o  f a t t y  

inclusions.  

broken: 
occur. 

inLAease i n  the number and s i z e  of mitochondria. 

This f inding is  based on numerous s tud ie s  by a number of autnors ,  

There are frequent cases i n  which t h e  mitochondrial membranes a r e  

fragmentation o f  t he  crypts  and o ther  changes of  a des t ruc t ive  nature  
I t  should be pointed out t h a t  small doses of thyroidin hormone cause an 

The mitochondria a re  pa r t i cu la r ly  sens i t i ve  t o  a decrease i n  t h e  concentration 
of oxygen. According t o  the  da ta  o f  Mora and Brody ( c i t ed  i n  A .  C .  Bulychev, 

1969), there  i s  a separat ion of the oxidat ive phosphorylization and a drop i n  the  
K+ l eve l .  
characterized by a high Level of r e v e r s i b i l i t y .  

fac tors  may be so  grea t  t h a t  insuf f ic iency  i n  supplying energy mater ia l s  may be 

accompanied not only by suppression of functions but by death of t he  c e l l .  
ircportant r o l e  i n  res i s tance  and damage t o  cells  i s  played by the  lysosomes, 

which cons t i t u t e  s i t e s  f o r  t h e  accumulation of enzymes t h a t  possess the  a b i l i t y  
t o  perform hydrolyt ic  s p l i t t i n g  of  various substances.  

s tances  t h a t  en ter  t he  c e l l  are subjected t o  enzymatic des t ruc t ion .  

the lysosomes ensure preservat ion of t he  in t e rna l  medium of the  c e l l .  

De Duve (c i ted  i n  A .  G. Bulychev, 1969) was the  first t o  point  out t h a t  ruptures  
o f  lysosomal envelopes have a f a t a l  e f f e c t  on the  c e l l  due t o  t h e  escape of 

Disturbances o f  metabolic processes, l i k e  morphological ones, are 
However, t he  e f f e c t  o f  extrema1 

An 

A- 

Bacteria and foreign sub- 

In t h i s  way, 
However, 
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pro teo ly t i c  lysosomal enzymes i n t o  the surrounding medium. 

phenomena of  au to lys i s  develop, i . e . ,  enzymatic se l f -des t ruc t ion  of t i s s u e  
In t h i s  way, t h e  

elements. 

TABLE 2 .  

S t ruc t  a r e  

Nucleus 

N u c  1 eo1 i 

Endoplasmatic r e t i -  
culum i n  t h e  form 
of smooth s t ruc -  
t u r e s  f o r  ribosomes 
(ergas top1 asm; 

BASIC FUNCTIONS AND CONSEQUENCES OF DAMAGE TO 
CERTAIN STRUCTURES OF THE CELL 

Brief biochemical 
and funct ional  

charac te r i s  tics 

DNA, a l l  types of 
RNA, histones and 
DNP, lipop-:oteins 
and o ther  p ro te ins .  
Basic functions: i n  
c e l l  d iv is ion ,  pro- 
cesses of reproduc- 
t i o n  and regenera- 
t i o n ,  synthesis  of 
nuclear DNA and pro- 
t e i n s ,  i n  t he  con- 
t r o l  o f  Synthesis of 
pro te ins  and poly- 
peptides i n  the  
cytoplasm through 
the  formation of i n -  
formMiona1 RNA. 

High RNA content.  
Influence on syn- 
t h e s i s  of nucleopro- 
t e i d s ,  RVA of c e l l s ,  
a c t i v i t y  o f  cyto- 
plasmatic organel les  
influence on 
mitosis.  
RNA from nucleus and 
nucleol i ,  containing 
genet ic  code €or 
synthesis  of pro te in  
synthesis  of enzymes 
iletabolism of carbo - 
hydrates, f a t t y  
acids,  s t e ro ids  
(choles te ro l ) .  In 
the l i v e r  - detoxic  
function. 

Pa r t i cu la r  
s e n s i t i v i t y  

ro the  act ion of  
ionizing radiat ion 
free r a d i c a l s ,  
s lky l iz ing  sub- 
stances,  purin 
analogs, e t c .  

ro t h e  insuf  f i - 
:iency of energy 
:esources 

Possible 
consequences 

Disruption of mi to t i c  
a c t i v i t y .  Genetic 
death.  Change i n  
genet ic  proper t ies .  
Change i n  the func- 
t i o n a l  proper t ies  of 
the  c e l l  and t h e  
enzyme composition. 

Disruption o f  nucleo- 
proteid metabolism 
and c e l l  d iv i s ion .  

Disruption o f  meta- 
bolism and funct ional  
propert ies  of t he  
cell .  
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TABLE 2 .  CONT D . 

Struc ture  

Mitochondria 

Lysosomes 

Plasmatic membrane 
on the  c e l l  (plasms 
1 emma) 

Brief biochemical 
and funct ional  
cha rac t e r i s t i c s  

Oxidizing enzymes, 
enzymes of t he  tr i-  
carbonic acid cycle ,  
phosphorylization, 
e t c . ,  DNA, RNA, 
l ipoproteids ,  pro- 
t e ins .  Basic 
"energy s t a t u s  of 
ce l l " .  
Lipoproteids, acid 
p ro teo ly t i c  enzymes 
("catepsins") , ac id  
phosphotase, 
es te rase .  Pr inc ipa l  
ro le :  digest ion of 
absorbed p a r t i c l e s  
and bac te r i a .  Par- 
t i c i p a t i o n  and pro- 
cesses of  pino- and 
phagocytosis. 

Lipoproteids. Muco- 
polysaccharides.  
Basic functions: 
re ten t ion  of t he  i n -  
ternal environment 
of t he  c e l l ,  se lec-  
t i v e  absorption and 
excret ion,  phago- 
cy tos i s ,  pino- 
cy tos i s .  Par t ic ipa-  
t i o n  in  t h e  
mechanism o f  the  Na- 
-pump, i n  t h e  pro- 
cesses of aggrega- 
t i o n  of c e l l s .  

Part i cul ar  
s ens i t i v i  t y 

Hypoxia; appar- 
en t ly  reac t  t o  a l l  
extreme s t imu l i .  

To the  act ion of 
f ac to r s  t h a t  d i s  - 
t u rb  the  perme- 
a b i l i t y  of t he  
membranes. To 
f r ee  r ad ica l s ,  
radiant  energy, 
excess vitamin A ,  
papaine, etc. ;  t o  
vitamin E 
avitaminosis,  
hypoxia, endo- 
toxins ,  etc. 
To su r fac t an t s .  
To snake venom, 
v i ruses ,  hypoxia, 
the  act ion of 
free r ad ica l s .  

Possible 
consequences 

Increase or decrease 
i n  energy resources 
and a c t i v i t y  o f  t h e  
ce l l .  

Atrophy of  c e l l s ,  
death,  development 
o f  necro t ic  pro- 
cesses, involut ion,  
au to lys i s .  Change 
i n  t h e  pro tec t ive  
proper t ies  of t h e  
c e l l .  

To su r fac t an t s .  To 
snake venom, v i ruses ,  
hypoxia, t h e  act ion 
o f  €res r ad ica l s .  
In  addi t ion ,  disrup- 
t i on  o f  various forms 
of n u t r i t i o n  of t he  
cel Is, sodium- 
-potassium balance,  
water content,  speci-  
f i c  funct ions of  the  
c e l l .  Death o f  c e l l .  

The s igni f icance  of t he  endoplasmatic reticulum i s  governed pr imari ly  by 

the  de toxi f ica t ion  processes i n  the  form of so-cal led pro tec t ive  synthesis .  
They a re  la rge ly  dependent upon pro te in  formation. 

2 2  



The constant intake of unsaturated f a t t y  acids from the  f a t  deposi ts  i n  

the l ive1 .--y increase under var ious harmful influences on the  organism. IJs:.?ially 

the continuous secre t ion  of t r i g lyce r ides ,  culminating i n  the  form of l ipopro- 
t e i d s  formed i n  the endoplasmatic reticulum, balances the  l i p i d  composition o f  

the l i v e r .  However, t he  l o s s  of the  a 5 i l i t y  of t he  l iver  t o  synthesize pro te in  

d is turbs  the  process of formation of l jpopro te ids  and t h e  e n t r y  in to  the  blood, 

leading t o  adiposis  of t he  l i v e r .  
a d i s rupt ion  of  the  s t a t e  of l ipoproteid membranes upon which the permeabili ty 

o f  various c e l l  cu l tures  depends. 
i n  t he  l i v e r .  The reasons for  the  development of necroses in  the  l i v e r  a re  

not c l ea r .  

- / 2 2  

Insu f f i c i en t  synthesis  of l ipopro te ids  causes 

In addi t ion t o  ad ipos is ,  necroses may develop 

Hence, damaze t o  the  c e l l  may take various forms. I t  may depend not only 

on t h e  condtiion of  t he  nucleus but on the  s t a t u s  of  other  s t ruc tu res  i n  the  

c e l l  as ve11. 
a r i s e  i n  the  cytoplasm of the  l i v e r  c e l l s ,  l e t  us look a t  t he  diagram compiled 

by Rees (Figure 3 ) .  

pe:dxidcs formed i n  the  organism under the  inf luence of  r ad ia t ion ,  in toxica t ion  

For example, t o  give some idea of the  poss ib le  consequences t h a t  

The diagram shows the  e f f ec t  of f r e e  r ad ica l s  and l i p i d  

and o ther  pathogenic f ac to r s  on 

Fat -(granufar\ Coars 

Smooth 

the  c e l l  o rganel les .  

r '  Detoxification 

Endoplasm ati c 
reticulum 

Free 
radicals ( agranula r) 

J \ '  Peroxides 
Changes i n  
permeability 

1 Necroses 
Autolysis \ , 

Mitochondria 

-Lysosomes 

Figure 3 .  
Cytoplasmatic S t ruc tures  o f  t h e  Ce l l .  

Influence of Pathogenic Factors on the  

The biochemical bas i s  for  t he  processes described ab3ve is very compiex 

and s t i l l  in su f f i c i en t ly  c derstood. We can merely s ta te  irl  passing t k a t  ATP 

i s  t he  necessary energe t ic  component of a l l  b iosynthe t ic  pro tec t ive  react ions 

of  t he  c e l l .  These include enzymes t h a t  p a r t i c i p a t e  i n  the  r e s to ra t ion  of t he  
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s t ruc tu res  o f  DNA, RNA-polymerase, processes o f  oxidation and reduction of N A D  

ar.d NADP o f  t he  f lavoproteins ,  cytochromes, e t c .  When these substances a re  

involved, the processes o f  reduction of harmful t i s s u e  may occur. 
reduction takes place,  regeneration s t a r t s .  I f  reduction takes place p z r t i a l l y  
due t o  the forlaation o f  f ibrous and scar  t i s s u e ,  we c2n speak of repara t ive  

o r  incomplete r e s to ra t ion .  

Change in  the  Blood System and the  Infect ion o f  t he  Orginism 1_c 

When t o t a l  

Animals and man are constant ly  exposed t o  the  harmful ac",] . microbes 

However, as  a r e s u l t  of  evolutionary accomodation, t h e  o r g m i s n  and v i ruses .  
hss worked out various mechmisms of pro tec t ion ,  which may be conditionally 

divived i n t o  two periods as f a r  a s  tLe time of  t h e i r  act ion i s  concerned: 
i n i t i a l  period of  "mute" s t ruggle  and the  l a t e r  per iod o f  "act ive react ions" .  

the  

In the  i n i t i a l  period, those proper t ies  of  the  blood which can be 
c l a s s i f i e d  with the  nonspecif ic  f ac to r s  of res i s tance  t o  infec t ion  a re  of p r i -  
nary importance. These include pro te ins  (histones and protamines),  which 

loca l ize  and inac t iva t e  t h e  act ion of l i v i n g  agents; na tu ra l  ant ibodies;  com- 
plement - serum pro te in ,  which s p l i t s  t h e  a3tigen-antibody complex by cy to ly t i c  

action; properdine - serum euglobulin,  which, i n  combination with complement 
and magnssiwn ions,  possesses an t ibac te r i a l  and an t iv i rusa l  proper t ies ;  i n t e r -  

seron and other  an t iv i rusa l  and bac ter ic 'da l  substances. The mechanisms o f  
nonspecific protect ion include the  process of capture of t he  microbes by the  
c e l l s  of  the  re t icu loendothe l ia l  system. 

While the re  i s  no destruct ion of  t h e  invasion i n  the  i n i t i a l  period, a 
second period develops involving a s t ruggle  ,,Lth the  agents 
change in  c i r cu la t ion  and composition of  blood, de .  jlopment o f  inflammation, 

vrqduction of  s p e c i f i c  ant ikodies ,  ac t iva t ion  of the  r e t i c u  oendothelia: system 

and o ther  s t i l l  more pronounced loca l  and general  reac t ions  on the  p a r t  d f  t he  
arganism. 

under conditions of extrema1 influences.  
changes t h a t  occur i n  the  blood composition and i n  hemopoiesis under s t r e s s  

react ions.  

This includes a 

The blood plays an important r o l e  i n  these  processes,  p a r t i c u l a r l y  
Therefore,  l e t  us discuss  b r i e f l y  the - /23 
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By using various cutreme influences - st imulat ion with electr i l .  c : r en t ,  

immobilization, bleeding, e t c . ,  we establ ished ir d e f i n i t e  sequent-e f21. the  
changes i n  the  blood which a re  repl*eaented sch-matichi y i n  TaSle i (F .  D 

Gorizontm) . 

hlobilization I Resistacce Exhaust ion 

Secondary in- Devastation of the esto a t j  n of 
-+ FymphoJorpns-  voluticr of 

(Pania1 in the the thyi..,is 
case of the thv- 

Normal ---t rnus) 
Migration of the 
lymphocytes :o the 
boiie marrow 

H perplasia Hyperplasia of the 

niarmw 
bone marrow 

t 
[Activation of the myelo-* o?the bone 

I I 1, poiesis 1 

I ----1 I-- 
--. 

The most nct iceable  aspect o f  these changes is the  development of temporary 
We f e e l  tha t  t he  increase in  t h e  myeloid t i s s u e  hyperplasia of t he  bone marrow. 

has a s ign i f i can t  inf luence on the  increase i n  nonspecific res i s tance  o f  t he  
organism, not only with respect  t o  in fec t ion .  

As experiments have shown, l e s s  in tens ive  s t r e s s o r s  ( f o r  example, da i ly  

administration of small amounts of physiological so lu t ion  t o  raL, 
duce temporary hyperplasia of the  bone marrow. 

i n  the weight of the  adrenals and the  atrophy o f  t he  thymic-lymphatic system, 

the s'iress react ion may develop i n  response t o  even "weak" s t i m u l i ,  

do not pro- 

However, judging by the  change 

I t  is  in t e re s t ing  t o  note t h a t  a decrease i n  the  number cf c e l l s  i n  the 

lymphoid organs (thymus, spleen) depends not only on the  destruct ion of  t he  
lymphocytes, as was fcrmerly thought, but a l so  on the  migration of lymphoid 
c e l l s  i n t o  various organs, p a r t i c u l a r l y  i n t o  t h e  bone marrow. 

out e a r l i e r ,  the  lymphocytes w9ich break down cons t i t u t e  a sourc2 of p l a s t i c  
material  f o r  synthesis  of DNA, p ro te ins  and carbohydrates. 

which have inigrated i n t o  t k  bone marrow play an important ro l e  i n  the  processes 

of ac t iva t ion  of myelo- and erythropoiesis .  

As was pointed 

The ljmphoid c e l l s  

Some lymphoid c e l l s  ? r e  s imi la r  t o  
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trunk c e l l s ,  and apparently serve as 3 sourc? x'or t he  formation of  the  red and 

xh.',te t y p e s  of hope aarrow. 

Special  s tud ies  conducted by a number of inves t iga tors  have shown t h a t  t he  

sympathetic nervous system st imulates  myopoiesis and has an e f f e c t  on the  n5- 

grat ion of lymphocytes. 
1.9 ac t iva t ion  of myelopoixis  (P. D. Gorizontov, 0. I .  Belousova e t  a1.j .  

Without the hormones from the  adrenal cor tex,  there  i s  

Hence, judging by the  blood system, the  react ions which develop deyend on 

both the sympathetic nervous s j  ,tern and the  cor t icos te ro ids .  
s ignif icance of t h e  changes i n  t h e  cell  composition of the  blood i s  determined 

by i ts  pro tec t ive  ro l e .  

c ipa te  d i r e c t l y  i n  rhe processes of  phagccytosis, but a l so  have the  a b i l i t y  t o  

a f f e c t  c e l l s  which have undergone phagocytosis i n  t h e  re t icu loendothc l ia l  

system. 
ence as f a r  as t h e i r  digest ion and des t ruc t ion  is concerned. 

Tt.2 bio logica l  

In t h i s  respect t he  blood granulocyt3s not only p a r t i -  

I t  is  a f a c t  t h a t  t he  capture of microbes i s  not a matter of i n d i f f e r -  

I f  microbes a r e  i . troduced i n t o  t h e  blood, pu r i f i ca t ion  (clearance) of t he  
blood remove t h e  ni-crobes is accomplished, accordifig t o  Rodgers, i n  th ree  

phases. In the  f i r s t  phase, which lasts a maximun of 90 minutes, t he re  is  a 

rapid decrease i n  the  number of microbes. 

s t a t e  o f  t he  animal and the  number Qf nlicrQbes introduced, inasmuch a s  the  

absorp t iw runction of the blood cells and the  re t icu loendothe l ia l  system is 
extremely high. However: t h e  in t ens i ty  c f  t he  primary phase of blood clearance 

may change as a function of t h e  type of agent introducet  i n t o  the  blood and t h e  

existefice of antibodies i n  the  blood. 
hours tc several  da j s ,  t he  number of microbes c i r cu la t ing  in  the  blood may be 

ins igni f icant .  

t h i s  does not mean t h a t  the infec t ion  has been eliminated. 
las t ing frqm 6 hours t o  several  days, i s  c r i t i c a l .  In + h i s  t h i r d  phase, e i t h e r  

recovery w i i l  take place o r  t he  number af microbes w i l l  increase and bacterenia  
w i l l  develop, with a l l  of the  c l i n i c  

This process i s  independent of t h e  

In the  second ph-se, which l a s t s  from 4 

The microbes may even completely disappear from the  blood, but 

The t h i r d  phase, 

symptoms of seps is  (Figure 4 ) .  

What causes t h i s  phase pa t te rn?  As appronri ; t u d l e s  have shown, t he  
f a t e  ~f t h e  microbes not onl; depends t.i .. i.,,. --.,. by t h e  c e l l s  of t he  
re t icu loendothe l ia l  system bu: a l so  on the  c e l l s  t o  destroy the  
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microbes. 
multiply ins ide  the  c e l l s  of t he  re t icu loendothe l ia l  system, spreqding thrcughout 

the  organism ( t h i r d  phase). 
(digest ion)  c f  the  microbes i s  very l a b i l e .  

The microbes t h a t  a re  absorbed sometimes do not d i e  and even begin t o  

This depends on the  f a c t  t h a t  t he  process of l y s i s  
I t  can be dis turbed by very diverse  

unfavorable f ac to r s  t h a t  ac t  on t h e  organism (hunger, in toxica t ion ,  trauma, /25 
i r r a d i a t i o n ,  e t c . ) .  To i l l u s t r a t e  t h i s  viewpoint, l e t  us  exaniine the  curve 

showing the  conterit of Friedlander b a c i l l i  i n  the  l i v e r s  of mice t h a t  were fed 

o r  s tarved (Figure 5) , taken fr3m the  work by Rodgers. 

curve tha t  during the  f'rst phase of  clearance the  microbe content i n  the  l i v e r s  
o f  t h e  mice t h a t  were s tarved and those t h a t  were fed ( the  controls)  i s  the  

same. 

t he  number of b c t e r i a  i n  the  l i v e r ,  and the  animals per i sh .  

We can see  from the  

In t h e  t h i r d  phase, the  s ta rv ing  mice begin t o  show a sharp increase in  

3 0 1  I I 

- 3  
E 

\ . '. e 1  
'C 

u 10-W 4 hrs. -seve Y ral. 6 hrs. -several 
d minutes days days 

Figure 4 .  Diagram o f  Pur i f ica t ion  
(Clearance) of the  Blood Following 
in te rna l  Administration of Live 
Bacteria.  I ,  11, 111, Phase o f  
Puri f i ca t  ion.  

Minutes Hou TS 

Figure 5 .  Change i n  t h e  Number o f  
Living Bacteria i n  t h e  Livers of  
Mice That Were Fed (2) and Starved 
(1) Following Intravenous In jec t ion  
of  Friedlander Bac i l l i .  

I t  has been es tab l i shed  t h a t  the  
v i a b i l i t y  of phagocytized microbes a l so  depends upon t h e  leve l  of t h e  granulo- 

cytes  i n  t h e  per ipheral  blood (Smith, Nelson). 
i r r a d i a t i o n  of animals, i t  has even been possible  t o  demonstrate t he  exis tence 

of a quan t i t a t ive  cor re la t ion .  
i n  the  per ipheral  blood decreases by a f ac to r  of 2 ,  t h e  bac te r i c ida l  proper t ies  

of t he  macrophages decrease by a f a c t o r  of 8 .  When the  number of leucocytes i n  
the per ipheral  blood drops below 1,000 mm, t h e  number of  i n t r a c e l l u l a r  microbes 

does not decreax,?; they do not d i e ,  and even multiply i n  the  c e l l s .  

In  experiments involving 

Thus, f o r  example, when the  number of leucocytes 
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It has been suggested that the granulocytes, which are sometimes referred 
to as mobile sacs with lysosomes, evidently enrich the cells of the reticulo- 
endothelial system with enzymes required for the hydrolytic decomposition of the 
microbes. 
is accompanied by a decrease in their ability to move rapidly and to collect 
precisely at the focus of the infsction. 
caused by certain factors, is always accompanied by autoinfection of the 
organism. In these cases it is necessary to use antibiotics. Let us recall that 
during the stage of exhaustion h;rpoplasia of the bone marrow develops and the 
number of leucocytes in the peripheral blood gradually falls. 
a relationshop betwzen the effect of the extreme stimuli, the change in the 
blood composition and the possibility of the spread of infection. 
of the organism under conditions in which it is exposed to extreme influences 
may also be promoted by other factors in the form of a disruption of the intact- 
ness of integuments, reduction of bactericidal properties of the blood, etc. 

For reasons that are not completely rlear, a shortage of leucocytes 

Therefore significant leucopenia, 

This establishes 

The infection 

Due to the lack of space, we shall not deal with problems of immunity, 
inflamation, fever and other protective reactions of the organism. 

It has been established in experiments chat when various organs are damaged 
(liver, kidneys, intestine), substances appear in the blood that stimulate the 
processes of cellular regeneration in precisely those tissues which have been 
damaged. As experiments have shown, the principal means by which the humoral 
factors which stimulate regeneration are developed consists of the lymphoid cells 
(A. G. Babayeva, N. A. Kraskina, L. D. Liozner, 1969). 

Increasing the nonspecific resistance, caused artificially, for example 
by daily traumatizing of rats in a rcitating drum, causes the appearance in the 
blood of humoral factors that increase the resistance of the organism. Injec- 
tion of blood taken from resistant animals increases resistance in animals not 
previously exposed. 
system is the site where the humoral factors of resistance are developed. 
Blockage of the reticuloendothelial system by administration of colloidal iron 
eliminated increased resistance (Reichard, 1964). However, the function of the 
macrophages of the reticuloendothelial system in the development of specific 

it was further established that the reticuloendothdial 



and nonspecific forms of protection, according to the studies of R. V .  Petrov, 
depends upon the activity of the lymphocytes and the trunk hemopoetic cells. 

These materials provide a basis for discussing the functional interaction 
of the blood system and the reticuloendothelial system in the changes of the 
nonspecific resistance of the organism. 

- Brief Characterization of Several Problems With Functions of the Organism - - / 26 

Let us examine several examples of disruptions of functions which c m  be 
of great significance to the outcomes of damage under the influence of extrema1 
factors. 

Ye knrw that  seri nus censeqnences C ~ G  zrise from hemorrhage. However, 
regardless of the disruption of the intactness of even large blood vessels, all 
the blood is never lost. 
function of a number of factors. 
cause blood loss and the mechanisas that prevent hemorrhaging. 

The amount of blood remaining in the vessels is a 
Table 4 lists the principal factors which 

TABLE 4 .  PRINCIPAL FACTORS INFLUENCING THE DEVELOPMENT OF HEMORRHAGE 

CIRPILATING BLOOD 
AND THE MECHANISMS THAT PROMOTE RETENTION OF A PORTION OF THE 

Influence on Intensity of Factors Promo'ing Retention of 
Blood Loss Circulating Blood 

I 

Degree of disturbance of intactness of 
vessels, their size and blood supply 
to the tissues. 
Reduction of functional status of 
coagulatory system of the blood. 
Thrombocytopenia, disruption of 
adhesion, aggregation and viscid 
metamorphosis of thrombocytes. 
Changes in cmnective tissue. 

Increase in activity of fibrinolysis 

Irisufficiency of vitamins K, C and P. 
of the blood and tissue. 

Disruption of the liver function. 

1 Constriction of vessels. 
Rate of Sormation of hemostatic 

Primary hemostasis, fcrmation of  blood 
thrombus and blood ci;ts. 

thrombus, its hardening. 

Intactness of basal membrane and re- 
tention of collagenic fibers in the 
perivascular space. 

fibrinogen0 lys is . 
to coagulate and the resistance of the 
vascular wall, decreased permeability. 

factors involved in blood coagulation. 

Prevention of fibrinolysis and 

Increase in the ability of the blood 

Synthesis of fibrinogen and other 
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TABLE 4 .  CONT'D. 

Influence on Intensity of 
Blood Loss 

Factors Promoting Retention of 
Circulating Blood 

A shortage of vitamin C promotes the development of hemorrhages, exactly 
In as the disruption of the functicnal state of the connective tissues does. 

fact, the capillary endotheliwn is surrounded on the outside by a layer of sub- 
stance (conn2ctive tissue) called th;; basal membrane. Therefore, the changes 
in ths connective tissue properties lead to increased capillary permeability 
(for example, in some forms of syphilis, senile purpura and other diseases). 
An important role in the formation of the basal membrane is  played by vitamin 
C. As we know, hemorrhages develop in C hypovitaminosis (scurvy). 

Endothelial cells are connected externally with one another by a so-called 
cement (calcium proteinate) which is produced by the endothelial cells. 
disruption of the intactness of the cement and an increase in intracellular 
space influences the permeability cf the capillary cells, promoting the develop- - /27 

ment of hemorrhages. 

The 

Decrease ir. the functional activity 
of the kidneys. 

Thrombocytopenia from any cause may be a basis for the development of 
hemorrhages, caused by the multilatzral role of the thrombocytes. 
of the thrombocytes to "stick" t o  the damaged endothelium and collagen 
(adhesiveness), their aggregatim under the influence of thrombin, ADP, serotonin, 
etc., promotes the formation of a primary thrombocytic thrombus containing 
threads of fibrin, the activation of the blood coagulation system and the forma- 
tion of a blood clot, which ensures reliable hemostasis. 
the thronbocytes with collagen occurs without the participation of blood 
coagulation processes. 

The ability 

The interaction of 

spleen, bone marrow. 
Retention of  the volume of circulating 
blood through retention of sodiur.t and 
water. 

An increase in the fibrinolytic activity of the blood and increased tissue 
fibrinolysis cause disruption of the hemostatic thrombus and blood clot, 



resulting in the development of secondary hemorrhages. 
disruption of the process of formation of insoluble fibrin which occurs, for 
example, in the case of inherited insufficiency of the fibrin-3tabilizing fac- 
tor (factor XIII), 
ability of the blood to coagulate, disturb the process of polymerization of the 
fibrin, and prevent adhesion and aggregation of thrombocytes. Thrombocytopenia 
and disruption of the blood supply to organs and tissues promote increased 
fibrinolysis. 

This is promoted by the 

The products of fibrinolysis and fibrinogenolysis reduce the 

In addition, the thrombocytes give off serotonin, which causes vasocon- 
striction and a decrease in the plethora of the tissues, which also limits 
hemorrhaging. Serotonin is forned primarily in the enterochromaffinic cells of 
the intestine, where it is captured by the thrombocytes. 
cultlng in the blood is destroyed in the liver. 
be discussed below. 

The serotonin cir- 
The role of the kidneys will 

The problems of hemophilia and blood coagulation are very extensive. They 
constitute the subject of special areas of hematology, and so, iimiting the 
material in the table we can move on to the question of disruption of peri- 
pheral circulation, since it is on this that the activity of ary tissue o r  
organ depends. 

Circulation is conditionally divided into central and peripheral varieties. 
Central circulation is mainly under the influence of the nervous system. 
problem of ihe regulation of the peripheral blood circulation has largely still 
not been solved. 
two trends have developed: 
the primary significawe attaches to the influence of the Intervasculcr pressure 
on the smooyh musculature of the vessels. According to the latter, regulation 
of blood flow takes place under the influence of locally active metabolites. 
Without going into an evaluetion of the details, let us simply recall that the 
changes in peripheral circulation are governed primarily by the sizes of the 
lumina of the arterioles. 
fibers of the sympathetic nervous system innervating the arterioles is dccom- 
panied by the excretion of noradrenaline. 
on the smooth musculature of the walls of the arterioles. 

The 

In explaining the reasons for local changes in circulation, 
According to the fomer, myogenic and metabolic. 

In the norm, the constantly present tone of the 
/28 - 

Noradrenaline causes a slight pressure 
Therefore, a weakening 
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of  the  tone of  t he  sympathetic nervous system causes a d i l a t i o n  of t h e  vesse ls  

and, on t h e  o the r  hand, an increase in  tone produces a s t i l l  g rea t e r  cons t r ic -  
t i on  of t h e  a r t e r i o l e s .  

{ e s s e l s  of  t h e  hea r t  and bra in .  

The only exception is  cons t i tu ted  by t h e  coronary 

The e f f e c t  of adrenaline on the  vesse ls  has a dual nature .  Wherever a-re- 
ceptors a r e  predominant i n  t h e  smooth musculaxre ,  a vasoconstrictory e f f e c t  

develops; when 6-receptors predominate, vasodi la tory e f f e c t s  can be seen. 

Peripheral  c i r cu la t ion  is  a function of the  number of functioning 

capi l laTies .  
sphincters .  

o r  formed loca l ly ,  which have a vasomotor effect (Figure 6 ) .  

Their  a c t j v i t y  i s  determined by the  presence of p recap i l l a ry  
The sphuncterz a r e  a f fzc ted  by substances c i r cu la r ing  i n  t h e  blood 

Insuff ic iency of per ipheral  
c i r cu la t ion ,  caused by f a c t o r s  o f  

a l l  s o r t s  (thrombi, emboli, shock, 
col lapse,  e tc . ) ,  causes a number of 

loca l  and general changes, l i s t e d  

i n  Table 5. 

The co r t i cos t e ro ids ,  thyroid 

gland hormone, and rena l  stimularits 
increase vascular  r e a c t i v i t y .  

Figure 6 .  
C i r w l a t i o n  i n  the  Mesentry. 1, 
Neurogenic cont ro l ,  pressor  substance 

Diagram of Peripheral  6 1 ~ 0 2  I f  we take i n t o  account t h e  

various consequences of  d is rupt ion  

of t he  blood; 2 ,  sphincters  of  t h e  
p recap i l l a r i e s ;  3, c i rcu la t i r \g  pressor  
and t rophic  substances, ca tabol izes ,  
vasculer-act ive substances,  formed 
local ly;  4,  lymphatic vessels ;  5 ,  
venules; 6 ,  adipose c e l l s ,  macrophages, 
eosinophils;  7,  precap i l l a r i e s ;  8, Inadequate blood supply t o  the  
a r t e r io l e s .  

i n  t h e  death o f  t h e  organism. 

period of  time i s  poss ib le  without any p a r t i c u l a r  consequences f o r  t h e  
ischematized t i s s u e .  

an thermoregulatory processes and not on t h e  needs of t h e  t i s s u e  i t s e l f .  

of per iphera l  c i r cu la t ion ,  we must 

a l so  keep i n  mind the  funct ional  

s ign i f icance  of  t h e  organ and i t s  
s e n s i t i v i t y  t o  t h e  blood supply. 

brain or hea r t  muscle may result 
Insu f f i c i en t  blood supply t o  t h e  sk in  f o r  a long 

Regulation of  cutaneous c i r cu la t ion  i s  la rge ly  dependent 
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TABLE 5 .  INFLUENCE OF VARIOUS FACTORS ON PERIPHERAL C1RC"LATION 

Factors Influencing Local 
Circulation 

The fallowing dilate the vessels and 
increase the influx of blood: 
Histamine 
Organic acids (galactic, etc.) 
Kinins 
Hepar in 
Ferritin 

The following censtrict the vessels and 
reduce circulation 
Noradrenaline 
Adrenaline 
Serotonin and other pressor amines 
Angiotensin 

Consequences of Circulatory 
Insufficiency 

Accumulation of tissue catabolites 
promotes the retention of dilation 
of capillaries and an increase in 
permeability. Against the background 
of increased permeability, edema and 
tissue hypoxia may develop. 

A decrease in local circulation may 
lead to hypoxia of organs and tissues. 
Hypoxia of the liver causes accwnula- 
tion of toxins, excretion of ferritin, 
decreased inactivation of aldosterone. 
Hypoxia of the brain leads to loss of 
consciousness and the development of 
a 5YnCOpal condition, hypoxia of the 
hzart leads to a weakening of cardiac 
activity. 
(general) sruption of circulation, 
excretion ~t pressor substances niay 
lead to functional failure af the 
kidneys and development of oliguria. 
Atrophy. Necrosis. 

In the case of systemic 

Under the influence of extremal factors, a general disruption of peripheral - /29 

circulation frequently occurs. 
co 1 1 aps e. 

It is characteristic of such states as shock and 

Defining the concepts of shock and collapse is rather difficult. In shock, 
the critical role is played by disruption of central regulation of peripheral 
blood circulation. Collapse constitutes acute vascular insufficiency as a 

result of damage to the vascular walls and disruption of their reactivity, 
Collapse is characterized by a sharp drop in arterial and venous pressure, in- 
creased vascular permeability, development of hypoxemia and hypoxia. Collapse 
frequently arises instantaneously, with symptoms of general weakness, sometimes 
with loss of consciousness. 
ment of collapse (see Chapter 9 ) .  

Intoxication is the most frequent cause of develop- 

II 
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With general  d i s rupt ion  of t he  per ipheral  c i r cu la t ion ,  one could expect 

development of  edema due t o  increased permeabili ty of the c a p i l l a r i e s ,  a decrease 
i n  ac t iva t ion  of aldosterone and suspension o f  sodium excret ion from the  
organism. 

c a p i l l a r i e s  i n  general disrupt ion of t he  per ipheral  c i r cu lz t ion  ( for  example, 
i n  shock) i s  a symptom of s t a s i s  r a t h e r  than plethora.  

However, edema does not develop, because the  p le thora  of the  

Edema i s  a d is rupt ion  of water balance character ized by excessive accumula- 

t i o n  of  f l u i d  i n  the  t i s s u e s .  

e f f e c t  of a number of f ac to r s  (Ya. A .  Lazaris, I .  A .  Serebrovskaya, 1968). 

According t o  t h e  da t a  o f  Black and Wagner (1'364), t h e  conditions leading t o  t h e  

development of edema can be l i s t e d  as i n  Table 6.  

As a r u l e ,  edema arises as a r e s u l t  of t h e  j o i n t  

TABLE 6 .  FACTORS PROMOTING FORMATION OF EDEMA 

Factor Consequences 

Increased blood volume due t o  sodium 
re t en t ion  o r  decreased d iu res i s .  

Increase i n  cap i l l a ry  permeabili ty:  

Cspi l la ry  hyperemia. 

Increased loss  of pro te in  i n  t h e  
Toxic i n t e r s t i t i a l  spaces. 
Hypoxic 
Al le rg ic  

Metabolic d i sease ,  exhaustion i n  resorp t ion  of  f l u i d ) .  

by thrombi, f l u i d .  
by external  pressure,  
due t o  infec t ious  damage t o  the  

Hypoproteinemia: Decrease i n  oncot ic  pressure (decrease 

Blockage of  veins  o r  lymph vesse ls :  In su f f i c i en t  removal of in te rs t i t i a l  

vesse ls  
Reduction of t i s s u e  e l a s t i c i t y :  Increased formation o r  reduced 

due t o  d i e t a ry  def ic ienc ies  
genet ic  defects  

e l iminat ion of i n t e r s t i t i a l  f l u i d  

Under extrema1 inf luences edema caused by i n s u f f i c i e n t  cardiac a c t i v i t y  /30 
developed. A number of changes then occur.  

In su f f i c i en t  card iac  a c t i v i t y  causes decreased renal  glomerular f i l t r a t i o n ,  

increased sodium resorpt ion,  and s t imulat ion of t he  baroreceptors.  This causes 

increased a n t i d i u r e t i c  hormone excret ion by t h e  pos t e r io r  lobe of t h e  p i t u i t a r y  

(ADH). The eQfec t  of ADH i s  character ized by increased water resorp t ion  i n  t h e  
d i s t a l  renal tubules.  The increased c i r cu la t ing  blood r e s u l t s  i n  an increase 
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in  the  number of functioning c a p i l l a r i e s .  

f l u id  perfusion i n t o  the  in te rvascular  spaces,  i t s  accumulation i n  the  t i s s u e s  
and the  development of edema. Under such conditions,  blood flow decreases and 

t h e  hypoxia develops, i n  t u rn  promoting increased cap i l l a ry  p le thora .  The 
hypoxic changes i n  t he  l i v e r  reduce i t s  a b i l i t y  t o  inac t iva t e  aldosterone 

(adrenocortical  hormone which promotes sodium re t en t ion  i n  t h e  organism). 

Aldosterone excret ion occurs pr imari ly  under t h e  inf luence of  t he  pressor  act ion 
of angiotensin,  formed from a2-globulins of blood plasma under the  influence 

of renin excreted by the renal juxtaglomerular c e l l s .  

This is  accompanied by increased 

Hypoxia which develops i n  cardiac insuf f ic iency  promotes t h e  excret ion of  

vasodepressor substances ( f e r r i t i n )  from the  l i v e r  i n t o  t h e  per ipheral  blood, 
cons t i tu t ing  an addi t iona l  s t imulat ion of 4DH secre t ion .  

Thus, on t h e  bas i s  o f  f l u i d  r e t en t ion  and development of cap i l l a ry  p le thora ,  

a number of vicious c i r c l e s  are created which increase t h e  work of the  hear t  

and t h e  degree of card iac  insuf f ic iency .  

The changes described above not only cons t i t u t e  t h e  disease,  but may a l so  
play the  ro l e s  of physiclogical  measures against  t h e  disease. 
c i r cu la t ing  blood volume decreases sharply (for example, due t o  extensive 
hemorrhaging), t h e  rapid i n i t i a t i o n  of t h e  mechanisms which change the  function 

of t he  kidneys counteracts  t h e  decrease i n  t h e  c i r cu la t ing  blood volume, 
r e t a in ing  water and promoting the  access of tissue f l u i d s  i n t o  t h e  vascular 
bed. 

7. 

Thus, when the  

The processes which occur a t  t h i s  time are shown schematically i n  Figure 

Let us mention i n  passing t h a t  r e s to ra t ion  o f  a r t e r i a l  pressure during 

rapid hemorrhaging i s  a function not  only o f  the  c i r cu la t ing  blood volume but 

a l so  the  change i n  the  rhythm of card iac  a c t i v i t y  and spasms of  t h e  vessels i n  
t h e  in t e rna l  organs and cutaneous coverings. 
i s  ensured by t h e  ac t ion  of t ha  nervous system, espec ia l ly  by t h e  increase i n  t h e  

tone of t h e  sympathetic nervous system and the  excret ion o f  catecholamines i n t o  

the  blood, 

discussed i n  more d e t a i l  i n  Chapter 7. 

The i n i t i a t i o n  of these  mechanisms 

The reac t ions  of  t h e  organism t o  hypoxia due t o  blood loss a r e  
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In extremal s t a t e s ,  a s ign i f i can t  danger may be posed by pulmonary edema. 

This development i s  associated with a d i s rupt ion  of t h e  l e s s e r  c i r cu la t ion .  
However, one must keep ia mind t h a t  t he  development of pulmonary edema may de- 

pend upon a d i r e c t  harmful e f f ec t  of t ox ic  substances on the  a lveolar  c e l l s  
(see Chapter 12)  o r  even upon damage t o  ce r t a in  p a r t s  of the  cen t r a l  nervous 

system (hypothelamus). In  turn,  the  preliminary e f f e c t  o f  nonspecific s t imul i  

on the  cen t r a l  nervous system may prevent the development of pulmonary edema 
(G.  I .  Kositskiy, M. M. Smirnov). A drop i n  venous pressure,  caused by blood 

lo s s ,  i s  one ac t ive  peasure against  pulmonary edema. 

Renal pathology can arise under diverse  extremal s t a t e s :  hypoxia, shock, 

burn d isease ,  blood lo s s  o r  in toxica t ion  (see Chapters 2 ,  3, 4 ,  8 and 

9 ) .  In t h i s  connection, it i s  necessary t o  devote some a t t e n t i o n  t o  t h e i r  

s ign i f icance  i n  t h e  regulat ion and the  d is rupt ions  of the  ftrnctions of t he  
organism. 

-- 

In the  kidney, as i n  any o ther  organ, t he  a c t i v i t i e s  of t h e  various p a r t s  

are special ized.  chrdio- 

vascular system, endocrine glands (hypophysis, adrenals ,  parathyroid gland) , 
l i v e r  and so fo r th .  

They depend on t h e  function of many o ther  organs: 

Ir addi t ion,  the effect iveness  of renal funct ion is determined by t h e  pro- 

cesses of excret ion of  urine which continue even beyond t h e  kidney ( the  state 
of permeabili ty of t h e  ur inary t rac t ) .  

Let us examine t h e  complicated t a b l e  t h a t  character izes  t h e  bas i c  funct ions 

of t he  kidneys and the  most important consequences o f  t h e i r  disturbance (Table 

7) 

I t  i s  c l ea r  from Table 7 t h a t  ser ious consequences w i l l  arise from a d i s -  

ruption of the  a b i l i t y  of t h e  kidneys t o  excre te  t h e  end products o f  nit rogen 
metabolism. This causes the  development of  uremia. 

Depending on t h e  seriousness of  t h e  d isease ,  t h e  development of azotemia 

(and subsequently uremia) may occur a t  any locat ion of damage i n  the  kidney 

t i s sue .  
amount of ur ine  excreted from the  organism w i l l  take with it a significant 
amount of nitrogenous substances. 

If good concentrating a b i l i t y  o f  t h e  kidneys has been re ta ined ,  a small 

With a l a rge  ailtount o f  ur ine and a ~ G W  



specific gravity, the nitrogen-excreting function of the kidneys may also be 
adequate. 
necessarily be indicative of the possibility of the element of azotemia, not to 
mention uremia. 

Therefore, even sharp quantitative changes in diuresis will not 

TABLE 7 .  PRINCIPAL FUNCTIONS OF THE KIDNEYS AND THE 
CW.WCTERISTICS OF THEIR DISWPTION 

Excretion of water, 
salts and glucose. 
Participation in the 
regulation of water 
balance, sodium 
balance (Na-pump) . 

Active resorption 
(up to 80%) of 
sodium, chloride (up 
to l oo%) ,  potassium, 
glucose (with levels 
up to 160 mg% in the 
blood). Passive ab- 
sorption Gf water. 

Active resorption of  
Na with metabolic 
excretion of K, 

Principal I ocalization 
Functions of Functions 

In the glomeruli. Blood supply and 
blood pressure. Os- 
motic and oncotic 
pressure of the 
blood. Permeabilit) 
of the endothelium 
of the glomerular 
vessels. 

of cytotoxic sub- 
stances , heavy 
metals, etc., there 
is a decrease in 
the size of the 
lumen of  the 
tubules due to 
swelling and ne- 
crosis of the epi- 
thelium ("tubvlar 
..- blockage") - . 

! 
Proximal tubules. Under the influence 

Ascending portion Aldosterone in- 
of the ? s p  of sufficiency. 
Henle, distal Excess aldosterone. 

! I 

from the tubules and 
development of a con 
concentration cat>&- 

of  the loop of 
aenle, distal 
tubules. 

I tubules. 
Absorption of water \Ascending portion 

L 
High ADH level. 
'ADH insufficiency. 

regulation of acid- 
-alkaline balance. 
Formation of hydroge 
ions over the entire 
area of the con- 
voluted tubules. I 

Most Important 
Consequences of 
Disruption of 

Funct -an 
Quantitative changes 
in diuresis. Pro- 
teinuria and hema- 
turia. Hypertonic 
state. 

Acute anuria. Dis- 
ruption of resorp. 
tion of water and 
salts. Proteinuria. 
Sodium retention. 

Sodium loss. 

Potassium loss. 

Oliguria, edema. 
Disruption of os- 
motic regulation. 
Po 1 yuri a. 
Disruption of acid- 
-base balance. 
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TABLE 7 .  CONT'D. 

Localization 
of Functions 

- 

Principal 
Functions 

-- 
Consequences of 
Disruption of 

Function 

Factors 
Influencing 
Function 

Excretion of alkali, Alkalosis possible. 
parathyroid tetany, 

Partial excretion of 
them. 

Distal tubules. 

Renal tubules. 

All parts of the 
nephron. 

-- 

Synt.hesi- of NH3 as 

1 

Insufficiency of car- Acidosis and sodium 
bonic anhydra:,e (for loss. 
examFle, under the 
tics) influence of diure- ---I--- 
Hyperphosphatemia of Phosphaturia, hypo- 
any etiology causes phosphatemia. In- 
increased secretory creased Ca excretion. 
activity of the para- Mobilization of Ca 
thyroid glands, which from the bones (osteo- 
affect n o t  only the malation). Defective 
excretion of  phos- fornation of  bones 
phates and Ca but (nitrogen os t eodys - 
also the mobiiization trophy). "Renal 
of Ca from the bones. rickets" (resists~t 

t o  the effects of 
vitamin D). 

Obliteration of the Azotemia. Uremia. 
glomurslize; decrease Symptoms in the brain: 
in thz filtration headaches, spasms, 
pressure (significant coxa. Fibrinous 
hypotonia, shock, changes in the serous 
collapse, etc.) ; dam- coverings. Ulceration 
age t o  the epitheliun of mucous membranes of 
and "tubular block- the stomach and in- 
age"; anuria or acute testines. Disturbance 
oliguria from other 
causes; disruption of  heart and regulation 
the parmeability of 
the urinary tract. 

of the function of the 

of blood pressure. 
- 

the result of split- 
ting of glutamine 
and a-amino acids by 
glutaminase and a- 
-amindoxidase. Com- 
bination of H+ with 
ammonia, formation 
of ammonia ~ o , - s .  Re- 
absorption of bicar- 
bonate into the 
plasma. 
Substitution of Na+ 
foT H+ in the bicar- 
bonate, phosphates. 
Substitution of Na+ 
in the balance with 

.- chlorides. 
Participation in the 
regulation of phos- 
phorus and calcium 
metabol ism (excre- 
tion of phosphates 
and calcium]. 

Passive excretion of 
products of nitrogen 
met ab0 1 i sni . Active 
secretion or' a small 
quantity of 
creatinine. 
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Vasomotor 
center 

V 
.4 L 

Figure 7.  
i n  Adequate Blood Flow. 

Diagram of :he Inclusion of t h e  ~iiai,.::' heart ion 

Damage t o  tubular  epithelium occurs f o r  various reasofis, including the  

entry i n t o  t h e  tubules or' substances which a r e  d i f f i c u l t  t o  excre te ,  i n  the  
form o f  myoglobin (lower nephrosis i n  the  reproductive syndrome), b i l e  (cholemic 

nephrosis),  e t c .  Tubular blockage may have ser ious  consequexes . Howeter, 
thase consequences may be of a temporary nature ,  s ince  t h e  regenerat ive capacity 

of t he  tubules i s  very high. 
of  the problems t h a t  develop i n  an t ic iFa t ion  of a comparatively rapid regeDera- 

t i on  o f  the  e p i t h e l i a l  t i s s u e  of the tubules and the  recovery of t h e i r  function. 

Therefore, measiircs must be  aimed a t  correct ion 

The kidneys p lay  an important rcie i n  t h e  regula t ion  o f  t h e  aqueous com- 
nosi t ion.  

2/3 of the  deight  of t h e  organism. 
areas is represented approximateiy by t h e  following f i t  ires: 

The t o t a l  amount of water i n  an adul t  man i s  approximately equal t o  
Redis t r ibut ion of water among d i f l e r e n t  

--a 

I 

4 
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Intracellular water 
(25 liters) 

1 
-- I 

I 
1'otal content of water 

(40-45 liters) 
inside the vescels - 
p1a;ma (3  liters) 

I 
? 
I i 

Extracel!uiar water - 
(IS liters) I _-- 

Outside the vessels 
(12 liters) 

4s we mentioted earlier, t h e  kidneys influence t h e  c i r cu la t ing  blood - I 3 4  

(plasma) v o l v ~ e  by chwgiag thc  level  of d iu re s i s  and sodim, r e t en t i cn  under 
the  influence of two h o m n e s :  AEH and aldosterone. Note t h a t  t h e  funct ional  

antsgonist  of ADti cons is t s  of t h e  glucocorticojds,  which may decrease edema 
and eliminate the  undesirable consequences of excessive ADH secre t ion ,  for  

exnmple, ia cardiac insuff ic iency.  

The funct ional  antagznist  o f  aldosterone i s  spironolactone. 

The kidneys regulate  321t composition. Let us recall t h a t  t he  salt com- 
pos i t ion  is important i n  the  maintenance of t h e  osmotic leve l  of  t h e  inzernal  

environment of  t he  organism; i n  add i t 'm ,  t h e  concentrztions o f  various ions 

affect :he propert ies  and behavior of various 5xc i tab le  membranes (nerve, muscle 
cells, e tc . )  and t h e  e f f e c t  of t h e  majority of i n t r a c e l l u l a r  enzymes. 

The e l e c t r o l y t i c  composition of t h e  c e l l u l a r  and e x t r a c e l l u l a r  f l u i d s  

d i f f e r ,  

phosphates and proteins .  
+,he pr incipal  anions are ch:orides and bicarbonates.  

In  tne  cells, the  p r inc ipa l  cat ions are K and Mg; the  anions a r e  
The pr inc ipa l  cat ion outs ide the  cells  i s  Na. while 

In t r ace l lu i a r  K bears re la t ionships  t o  protoplasm. Therefore, an increase 

i n  potassium i n  the  ex t r ace l lu l a r  inedium and i n  t h e  u r ins  can sew? as a 
symptom df c e l l u l a r  breakdown. 

Par t ic ipa t ion  of t h e  kidnq-s  i n  the  regulat ion of phosphorus and calcium 
metabolism mustbe taken i n t o  account i n  conjunction with uroblects o f  space 

medicine, s ince  it  has been denonstrated that  it i s  possible  for cosmonauts t o  
u- 

I 
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develop disturbances of  calcium metabolism under c e r t a i n  conditions (see Chap- 

ter  10). 

In concluding t h i s  b r i e f  and fa r  from complete survey, we would l i k e  t o  

suggest t h a t  t he  mater ia l  i n  t h i s  chapter charac te r izes  the  r o l e  of t h e  bas i c  

fea tures  of res i s tance  and protect ion.  
the s ign i f icance  of some of the  general disturbances of  functions on t 5 e  

c e l l u l a r ,  systemic and organismal l eve l s ,  which frequent ly  arise under t h e  
influence of extrema1 f ac to r s .  

A t  t he  same time, w e  have t r i e d  t o  show 

4 1  
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